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ABSTRACT 

Palynomorphs  are  used  to  correlate  the  Entrance  Con¬ 
glomerate  —  a  marker  bed  within  Cretaceous/Tertiary  post— 
Wapiabi  rocks  of  the  Alberta  disturbed  belt  —  with  form¬ 
ations  and  parts  of  formations  in  western  North  America. 

The  conglomerate  is  shown  to  be  equivlaent  to  part  of 
Ower's  Member  D  of  the  Edmonton  Formation  in  the  Alberta 
Plains  and  to  basal  (?)  Lance  Formation  equivalents.  Strata 
about  3,500  feet  above  the  conglomerate  are  shown  to  be 
of  Paleocene  age. 

Fifty-three  species  of  thirty-nine  form  genera  are 
identified  and  formally  described  from  rocks  above  and  be¬ 
low  the  Entrance  Conglomerate  in  the  Hinton  area  of  the 
central  Alberta  Foothills.  Twenty-three  samples  were  col¬ 
lected  at  five  localities  for  palynological  analysis.  The 
following  genera  are  figured:  Pluricellaesporites ,  Sterei- 
sporites ,  Lycopodiumsporites ,  Cyathidites ,  Gleicheniidites , 
Baculatisporites ,  Osmundacidites ,  Polypodiisporites , 
Balmeisporites ,  Cicatricosisporites ,  Deltoidospora ,  Laevigat 
osporites ,  Leptolepidites ,  Schizosporis ,  Cycadopites ,  Tax- 
odiaceaepollenites ,  Equisetosporites ,  Liliacidites ,  Alnipol- 
lenites ,  Carpinites ,  Erdtmanipollis ,  Myr iophyllum,  Cary- 
apollenites ,  Cranwellia ,  Liriodendron ,  Nyssapollenites , 
Fraxinoipollenites ,  Proteacidites ,  Salixipollenites ,  Momi- 
pites,  Ulmipollenites ,  Aquilapollenites ,  Mancicorpus ,  Mtched 
lishvilia,  Pseudotricolpites ,  Tetracolpites ,  Tricolpites, 


Wodehousea  and  a  new  genus  of  Acritarcha. 


’ 
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CHAPTER  ONE 


INTRODUCTION 


Preamble 

Meaningful  work  can  be  done  in  such  fields  as  paleo- 
geography ,  paleoecology  and  fossil  evolution  if  a  ground¬ 
work  of  biostratigraphy  is  laid  at  the  locality  of  the  work. 
Without  this  footing ,  conclusions  from  such  studies  are 
likely  to  be  shaky  if  not  untenable.  Time-stratigraphic 
units,  albeit  arbitrary,  just  as  minutes  and  hours  are,  do 
allow  a  relative  sequential  division  of  the  sediments  depo¬ 
sited  in  different  periods  of  time.  Radio-isotope  ratios 
allow  for  absolute  dating  of  the  rocks  but  have  not  yet 
approached  the  resolving  power  of  biostratigraphy.  However, 
not  all  fossils  are  equally  useful  for  biostratigraphic  pur¬ 
poses.  Very  often  their  usefulness  is  lessened  because  they 
are  simply  not  present  where  needed.  This,  unfortunately, 
is  often  the  case  in  dealing  with  continental  sediments. 

Pollen  and  spores  are  an  exception  to  this  generalization 
for  they  transgress  the  marine-continental  boundary. 

Areas  outside  the  type  locality  of  a  time-stratigraphic 
unit  sometimes  lack  the  fortuitous  lithofacies  changes  or 
unconformities  which  bracket  the  original  definition  of  the 
unit.  Thus  whole  chapters  may  be  missing  from  the  geological 
record  only  to  be  discovered  somewhere  else  at  some  later  date 
in  the  form  of  a  'boundary  problem'.  Perhaps  these  'problems' 
should  be  welcomed  as  presenting  a  more  nearly  complete  story. 
In  practice,  the  incomplete  stratigraphic  record  (which 
coincides  with  the  'incomplete  fossil  record')  saves  the 
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stratigrapher  from  having  to  select  completely  arbitrary  time 
units .  The  stratigraphic  and  fossil  records  in  themselves 
are  haphazard  in  their  continuity  and  preservation,  but  this 
is  a  material  or  real  thing  with  which  the  scientist  can  deal 
Nevertheless,  these  gaps  do  indicate  a  less  than  complete 
story.  Gaps  in  collecting  of  fossils  give  rise  to  problems 
when  the  paleontologist  attempts  to  trace  the  pathways  of 
evolution. 

The  tools  used  to  divide  time  are  fossils.  Because 
organisms  can  be  seen  to  have  changed  through  time,  to  have 
responded  to  environmental  changes  by  morphological  changes, 
they  have  great  value  in  determining  the  relative  age  of  the 
rock  that  contains  them.  In  whatever  manner  they  may  be  used 
-  assemblage  zone,  index  fossils,  relative  percentages  - 
they  are  useful  until  they  prove  not  to  be.  The  preceding 
statement  is  self-evident  but  emphasizes  the  fact  that  strati 
graphic  utility  is  determined  in  retrospect.  Unless  a  time- 
stratigraphic  unit  is  defined  by  the  absolute  presence  of  a 
particular  fossil  or  group  of  fossils,  the  usefulness  of  any 
given  fossil  as  a  key  to  a  particular  time  depends  on  the 
latest  study  relevant  to  that  fossil  and  whether  the  time 
range  of  the  fossil  is  change  or  remains  unchanged  by  that 
study.  Thus  every  stratigraphic  proposition  is  either 
strengthened  or  weakened  by  a  succeeding  study.  The  worth  of 
a  biostratigraphic  study,  whether  it  was  done  in  the  1890's 
or  1960's,  is  interdependent  on  all  other  work  that  does  or 
will  impinge  on  it,  with  the  degree  of  dependence  probably 
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varying  inversely  as  the  geographic  distance. 

Thesis  Area  and  Problem 

The  Entrance  Conglomerate  is  a  coarse  lithologic  unit 
which  crops  out  in  the  Hinton-Entrance  area  within  the  central 
Alberta  Foothills  (Fig.  1) .  it  is  one  of  the  few  stratigraphic 
markers  in  the  post-Wapiabi  Cretaceous/Tertiary  beds  laid 
down  under  continental  conditions  after  the  last  incursion  of 
marine  waters  in  that  part  of  Alberta.  The  exact  age  of  this 
marker  is  in  doubt  because  few  megafossils  have  been  found  in 
close  proximity.  However,  various  ages  and  correlations  have 
been  assigned  to  this  unit  which  occurs  on  the  eastern  edge 
of  the  disturbed  belt. 

By  using  palynological  data,  particularly  palynomorphs  of 
angiosperms  affinity,  obtained  from  beds  immediately  above  and 
below  the  conglomerate,  this  thesis  attempts  to  correlate  the 
conglomerate  with  strata  in  the  Alberta  Plains.  Two  extremely 
useful  studies  in  the  Plains  by  S.K.  Srivastava  (1968)  and 
R.G.  Snead  (1968)  make  this  undertaking  possible.  In  much 
the  same  manner  as  G.  Bihl ' s  (1968)  thesis  is  an  utilization 
of  Srivastava 's  zonation  to  determine  the  zonal  position  of  a 
small  outcrop  section  relatively  close  to  the  type  locality, 
the  present  thesis  attempts  to  use  Srivastava' s  and  Snead's 
zonations  at  a  much  greater  distance  in  a  locality  that  has 
been  the  focus  of  a  certain  amount  of  controversy. 

Studies  of  this  nature  invariably  result  in  the  discovery 
of  previously  undescribed  species  if  not  genera.  In  this 
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Figure  2:  Thesis  area  collecting  localities  (geology  after 
G.S.C.  Map  84 3A,  ENTRANCE,  Lang  1947.) 
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thesis  most  specimens  that  were  recovered  in  low  numbers  and 
which  belonged  to  undescribed  species  have  not  been  figured 
or  described  as  such  small  samples  represent  a  taxon  incom¬ 
pletely.  However,  fifty-three  species  of  twenty-two  families 
are  figured  from  samples  obtained  from  five  localities  near 
the  town  of  Hinton,  Alberta.  Identification  of  a  previously 
described  species  only  requires  a  single  specimen  and  aids 
in  the  evaluation  of  the  possible  amount  of  stratigraphic 
break  represented  by  the  coarse  unit. 

Figure  1  shows  the  general  location  of  the  thesis  area 
within  Alberta  as  well  as  those  areas  studied  by  Bihl,  Snead, 
and  Srivastava.  Figure  2  shows  in  greater  detail  the  bed¬ 
rock  geology  of  the  Entrance  area  and  the  location  of  the 
five  sample  sites.  Figure  3  gives  the  stratigraphic  position 
of  the  five  sample  sites  showing  their  relationship  to  the 
Entrance  Conglomerate. 

Review  of  Stratigraphy 

The  Entrance  Conglomerate  Member  was  named  by  A.H.  Lang 
(1945)  for  a  quartzite  and  chert  pebble  conglomerate,  aver¬ 
aging  20  feet  thick,  of  persistent  occurrence  in  the  Entrance 
map-area,  Alberta.  This  member  separates  the  underlying 
Brazeau  Formation  of  the  area  from  the  "Paleocene"  or  post- 
Brazeau  beds.  Lang,  acting  on  the  advice  of  Bell,  established 
the  Cretaceous-Tertiary  boundary  in  the  central  Alberta  Foot¬ 
hills  at  this  lithologic  unit.  However,  Rutherford  (1947,  p. 
57)  observes  that  "this  horizon  loses  its  identity  as  one 
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proceeds  southward  and  has  not  been  definitely  determined  on 
the  Saskatchewan" .  Similarly  it  has  not  been  identified  in 
the  plains  to  the  east.  Unfortunately,  this  is  the  typical 
situation  within  post-Wapiabi  rocks  of  the  central  Foothills 
where  lack  of  widespread  marker  beds  and  distinctive  lith¬ 
ologies  have  hampered  stratigraphic  division. 

The  nature  of  the  lithology  of  the  Brazeau  Formation  and 
post-Brazeau  beds  above  the  marine  Solomon  Sandstone  at  the 
base  of  Lang's  Brazeau  Formation  is  excerpted  from  Lang  (1947, 
p.  32-35)  : 


The  Solomon  sandstone  is  overlain  by  120  feet  of 
softer,  coarser  grained,  dark  green  sandstone  and  sandy 
shale  containing  plant  fragments,  and  this  in  turn 
is  overlain  by  a  bed  of  typical  Brazeau  pebble- 
conglomerate.  Stratigraphically  above  this  are  several 
thousand  feet  of  interbedded  sandstone,  shale,  and 
pebble-conglomerate,  with  a  few  bentonitic  beds  and 
thin  coal  seams,  all  of  non-marine  origin.  The  sand¬ 
stone  is  commonly  crossbedded  and  grey  in  colour;  it 
weathers  brown  and  greenish  grey,  and  some  of  it  has 
a  'pepper  and  salt'  appearance  due  to  the  inclusion 
of  small  black  chert  and  lignitic  fragments.  The 
shales  are  grey  and  greenish  grey.  The  conglomerate 
which  is  more  abundant  in  the  lower  half  of  the  form¬ 
ation,  consists  of  pebbles  of  quartzite  and  chert 
averaging  one-half  inch  in  diameter,  in  a  sandy  matrix 
that  fractures  around  the  pebbles.  Some  of  the  con¬ 
glomerate  contains  fairly  closely  packed  pebbles,  and 
from  this  type  there  are  all  variations  to  rock  that 
is  essentially  sandstone  containing  a  few  scattered 
pebbles.  Much  of  the  conglomerate  is  conspicuously 
crossbedded,  ...  The  uppermost  stratus  classed  as 
Brazeau  is  a  distinctive,  massive  bed  of  grey,  buff 
weathering  sandstone  about  70  feet  thick.  A  railway 
cut  in  this  bed,  three-quarters  mile  west  of  Entrance, 
exposes  a  large  fossil  tree  stump... 

The  uppermost  massive  sandstone  bed  of  the 
Brazeau  formation  is  overlain  conformably  by  a 
conspicuous  bed  of  conglomerate  termed  the  "Entrance 
conglomerate".  This  member  has  an  average  thickness 
of  about  20  feet,  but  is  about  50  feet  thick  at 
Entrance.  It  consists  of  closely  packed  pebbles  of 
quartzite  and  chert  averaging  1  to  2  inches  in 
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Pish  Creek  locality  (ED-69) 

-2  samples  from  gray  clay  and  shale 
-plant  fragments  (angiosperm-gymnosperm) 


Paleocene  plant  remains 


Athabaska  Ranch  local j.ty  (EC-68) 

-2  samples  from  small  coaly  lenses  in 
sandstone 


Abandoned  coal  mine  locality  (EC-68) 

1  sample  from  mine  waste  dump,  adit 
collapsed 

Coal 

Hardisty  Creek  locality  (EZ-69) 

2  samples  from  gray-black  shales  50  and 
75'  above  the  conglomerate 

Co 9!  ^,7  samples  from  below,  in  and  above  the 
Entrance  Conglomerate,  mainly  coaly 
sandstone 


Entrance  quarry  road  locality  (EA-68) 

-2  samples  from  small  coaly  shale  lenses 
15  end  25'  below  the  conglomerate  in 
the  massive  sandstone  bed 
*7  samples  from  a  26’  roadcut  of  interbeds 
of  coed,  shale,  bentonite  and  sandstone 
varying  from  1"  to  3’  thick  immediately 
below  the  massive  sandstone  bed 


FIGURE  3  —  Composite  section  showing  the  stratigraphic  position  of 
sampling  localities  in  the  Entrance  area  (section  after 
Lang  1947) 
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diameter,  although  some  are  as  much  as  6  inches. 

The  matrix  is  sandy,  and  the  rock  fractures  around 
the  pebbles.  In  places  the  bed  is  all  conglomerate 
elsewhere  there  are  sandstone  interbeds,  but  generally 
there  is  little  difficulty  is  recognizing  the  member, 
as  the  pebbles  are  larger  and  more  closely  packed 
than  in  the  pebble  beds  of  the  Brazeau  formation... 

Overlying  the  Entrance  conglomerate  is  a  thick 
succession  of  relatively  soft,  interbedded  sandstone 
and  shale  beds,  with  minor  conglomerate,  bentonitic 
beds,  and  coal  seams.  The  sandstone  is  generally 
rather  coarse,  and  much  of  it  is  crossbedded.  It 
is  grey  and  weathers  grey,  brown,  and  green.  The 
shale  is  generally  greenish  grey  and  rather  clayey. 

The  conglomerate  consists  of  pebbles  and  cobbles 
of  waxy  lustred  quartzite  up  to  12  inches  in  diameter, 
and  ranges  from  streaks  one  pebble  or  cobble  wide 
to  beds  about  10  feet  thick... 

Strata  lithologically  and  stratigraphically 
similar  to  those  described  above  overlie  the  Entrance 
conglomerate  in  the  syncline  that  extends  southwest 
of  Entrance  and  includes  High  Divide  Ridge.  The  only 
outcrops  on  the  upper  part  of  this  ridge  are  of  cobble- 
conglomerate,  which  is  rather  loosely  cemented  and 
does  not  outcrop  well.  The  entire  ridge  is  strewn  with 
loose  cobbles,  leading  to  the  assumption  that  the 
upper  part  is  composed  essentially  of  conglomerate. 

The  contours  of  the  ridge  have  been  folded  conformably 
with  the  underlying  strata.  The  base  of  the  conglomerate 
is  estimated  to  be  about  3,500  feet  above  the  Entrance 
conglomerate,  and  the  stratigraphic  interval  above 
the  base  to  the  summit  of  the  ridge  is  about  1,500  feet. 

As  there  is  no  evidence  of  a  disconformity  between 
these  essentially  conglomeratic  beds  and  the  underlying 
strata,  they  are  assumed  to  be  stratigraphically 
equivalent  to  the  strat  lying  3,500  feet  and  more 
above  the  Entrance  conglomerate  in  the  northeastern 
part  of  the  Entrance  area,  which  contain  more  sandstone 
and  shale  than  conglomerate.  The  preponderance  of 
conglomerate  on  High  Divide  Ridge  is,  consequently, 
believed  to  be  the  result  of  local  accumulation. 

The  Paleocene  plant  remains  on  Fish  Creek  occur  at  approx¬ 
imately  the  level  of  the  High  Divide  conglomerate.  Figure 
3  shows  the  stratigraphic  postion  of  some  of  the  lithologic 
units  mentioned  in  this  summary. 

Only  a  short  historical  resume  of  the  stratigraphy  of 
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the  late  Cretaceous  and  early  Tertiary  beds  of  the  central 
Alberta  Foothills  continental  sediments  follows  as  Lang 
(1947)  has  given  a  more  complete  review  up  to  1947. 

Malloch  (1911)  in  his  Bighorn  coal  basin  study  found 
that  the  Bearpaw  Shale,  which  separates  the  Belly  River  Form¬ 
ation  from  the  overlying  Edmonton  Formation  in  the  Plains 
to  the  east,  was  missing.  He  applied  the  name  Brazeau  Form¬ 
ation  to  a  set  of  poorly  f ossilif erous  rocks  above  the 
Colorado  Shale  to  which  he  assigned  a  Belly  River  age,  -  and 
since  no  younger  consolidated  sediments  occurred  in  the  area, 
he  did  not  designate  an  upper  boundary.  Farther  northwest 
Allan  and  Rutherford  (1923)  applied  the  name  Saunders  Form¬ 
ation  to  all  the  Strata  of  Montanan  Age  above  the  Wapiabi 
Shale  including  beds  equivalent  in  age  to  Belly  River,  Bear- 
paw,  Edmonton  and  possibly  Paleocene  Paskapoo  Formations. 
MacKay  (1930)  found  the  Brazeau  Formation  to  be  equivalent  to 
the  Saunders  Formation  in  the  Coalspur  area  and  retained  the 
former  name  on  the  basis  of  priority  even  though  the  form¬ 
ation  would  then  include  rocks  much  younger  than  those  of  the 
type  locality. 

Allan  and  Rutherford  (1934)  coined  the  name  Foothills 
Series  for  all  post-Wapiabi  beds  whether  they  be  Saunders  or 
divided  Saunders,  Brazeau  or  divided  Brazeau,  with  or  with¬ 
out  Paskapoo.  Later  MacKay  (1943)  subdivided  the  post- 
Wapiabi  strata  into  a  lower  Brazeau  Formation  of  Belly 
River  age  and  an  upper  or  Edmonton  Formation  considered  to  be 
correlative  with  that  formation  in  the  Plains.  The  separation 
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was  based  on  a  conglomerate  900  feet  below  the  lowest  main 
coal  seam  of  the  Coalspur  area  that  seemed  to  correlate  with 
the  marine  Bearpaw  Formation.  However,  only  in  the  Wawa 
Creek  map-area  was  there  an  attempt  to  map  the  Paskapoo  of 
Paleocene  age  separately  from  the  underlying  Edmonton. 

Earlier,  H.H.  Beach  (1942),  working  near  James  River  in  the 
Marble  Mountain  area  to  the  southeast,  was  the  first  to  give 
an  upper  boundary  to  the  Brazeau  Formation  and  placed  this  at 
a  pebble  conglomerate  overlain  by  what  he  called  the  Edmonton 
Formation.  But  even  he  had  difficulty  distinguishing  these 
formations  in  isolated  outcrop.  In  most  other  areas  the 
division  into  Brazeau,  Edmonton  and  Paskapoo  could  not  be 
maintained;  just  as  earlier  attempts  to  divide  the  Saunders 
into  Lower  Saunders,  Coaly  Saunders  and  Upper  Saunders  (the 
latter  of  Paleocene  age)  could  not  be  maintained.  Other 
Geological  Survey  workers  attempted  to  extend  MacKay's  divi¬ 
sions  into  new  areas.  Lang  (1944,  1945),  Erdman  (1945,  1946), 
Crombie  and  Erdraan  (1945),  and  Irish  (1945,  1946)  looked  for 
his  divisions,  however  it  was  at  this  time  that  Bell's  paleo- 
botanical  study  of  the  area  drastically  altered  MacKay's  inter¬ 
pretation  by  bringing  into  question  the  supposed  Edmonton  age 
of  the  Foothills  'Edmonton  Formation' . 

Bell's  work  suggested  that  the  Tertiary  is  encountered  - 
much  lower  in  the  section  than  had  been  thought  previously. 
However,  Bell's  was  not  the  first  time  that  this  idea  had  been 
advanced.  More  than  ten  years  before,  L.S.  Russell  (1932)  had 
attempted  to  show  on  the  basis  of  freshwater  molluscs  and 
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mammal  teeth  that  the  Paleocene  boundary  was  well  within 
the  Saunders  Group  in  the  vicinity  of  the  McLeod  River.  Even 
earlier,  Rutherford  (1926)  working  between  the  Athabasca  and 
Embarras  Rivers,  with  fossil  identifications  by  P.S.  Warren, 
indicated  that  over  five  thousand  feet  of  strata  above  the 
highest  main  coal  seams  of  the  Coalspur  field  might  be  of  early 
Tertiary  age  but  older  than  the  Paskapoo  Formation  at  its 
type  locality. 

E.J.W.  Irish  (1945,  in  notes  accompanying  a  map)  gives  an 
account  of  Bell's  work  in  the  area  and  the  effect  of  his 
conclusions.  The  following  is  excerpted: 

In  1945,  W.A.  Bell  of  the  Geological  Survey 
visited  areas  in  the  Foothills  belt  of  west-central 
Alberta  and  obtained  collections  of  fossil  plants 
from  several  localities  with  the  object,  in  part, 
of  placing  more  certainly  the  contact  between  Upper 
Cretaceous  and  Paleocene  formations.  Collections, 
particularly  those  obtained  from  the  top  of  the 
Mynheer  or  lowest  coal  seam,  at  Coalspur  and  Stereo, 
and,  consequently  well  below  what  had  formerly  been 
regarded  as  the  probable  upper  limit  of  the  Upper 
Cretaceous  succession,  were  identified  by  Bell  (Bellr 
W.A.:  Geological  Survey  of  Canada,  personal  communi¬ 

cation)  as  definitely  of  Paleocene  age.  The  flora 
was  concluded  to  be  of  approximately  the  same  age  as 
that  of  the  Paskapoo  formation  at  its  type  locality. 

On  the  other  hand,  collections  obtained  from  near 
Entrance,  south  of  the  Athabasca  River  and  not  far 
below  the  Entrance  conglomerate  were  identified  by 
Bell  as  Upper  Cretaceous  and  probably  of  Edmonton 
age.  On  the  basis  of  these  determinations  it  now 
appears  reasonably  certain  that  all  strata  in  this 
region  down  to  the  Entrance  conglomerate,  including 
both  the  upper,  coal-bearing  part  of  the  Saunders 
formation  of  Allan  and  Rutherford,  and  the  Edmonton 
formation  of  MacKay,  are  of  Paleocene  age,  and  that 
the  only  equivalents  of  the  Edmonton  formation  proper 
would  be  strata  lying  beneath  the  Entrance  conglo¬ 
merate  within  what  had  been  mapped  as  the  Brazeau 
formation.  The  inclusion  of  the  coal-bearing  series 
with  overlying  Paleocene  strata  is  in  harmony  with 
Rutherford's  earlier  report  (1926),  in  which  all  beds 
above  the  uppermost  coal  seam  of  McPherson  Creek, 
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were  regarded  as  probably  Paleocene.  On  the  other 
hand,  these  combined  Tertiary  strata  can  no  longer 
be  fittingly  defined  as  Paskapoo,  for  coal  in  appre¬ 
ciable  quantity  is  not  known  in  the  type  areas  of 
that  formation. 

These  data  brought  into  question  the  definition  of  the  Brazeau 
Formation  and  the  name  of  the  post-Brazeau  beds  in  this  area. 
The  Brazeau  Formation  was  restricted  by  the  Geological 
Survey  to  include  continental  beds  between  the  Wapiabi  Shale 
and  the  Entrance  Conglomerate  (Bell,  1949,  p.  5).  According 
to  the  Survey,  as  of  1956,  the  post-Brazeau  beds  would  be  in¬ 
cluded  in  the  Paskapoo  Formation.  The  original  definition  of 
the  Paskapoo  by  Tyrell  (1887,  p.  137E)  as  "...all  the  Laramie 
rocks  above  the  Edmonton  series..."  was  amended  by  Tozer 
(1956,  p.  29)  to  include  all  Paleocene  rocks  in  western 
Alberta  north  of  township  13.  Bell's  and  Tozer' s  definitions 
are  compatible  only  if  the  Entrance  Conglomerate  is  the 
Cretaceous-Tertiary  boundary.  If  Bell's  age  assignment  for 
the  conglomerate  is  incorrect,  then  there  again  would  be  a 
set  of  nameless  post-Brazeau  strata  in  the  Entrance  map  area. 

Citing  the  lack  of  collections  and  descriptions  of  fossil 
plants  in  adequate  quantities  from  the  Edmonton  Formation, 

R.L.  Rutherford  (1947,  p.  59)  was  "...reluctant  to  make  those 
in  the  foothills  appreciably  younger  than  the  similar  strata 
on  the  plains  on  paleobotanical  evidence  along".  Particularly 
since  he  felt  that  the  Upper  Cretaceous  and  Tertiary  of  the 
Plains  were  broadly  represented  by  a  cylce  of  sedimentation- 
from  medium  grained  Belly  River  beds  followed  by  finer  marine 
Bearpaw  and  non-marine  Edmonton  beds  covered  by  coarser  early 
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Tertiary  sediments  -  which  was  reflected  in  the  'Saunders' 
of  the  foothills.  In  addition,  when  attempting  to  correlate 
from  the  Athabasca  River-Coalspur  area  to  Evansburg  and 
Whitecourt,  Rutherford  (1947,  p.  57)  found  that  "...in  a  dis¬ 
tance  of  about  eighty  miles  northeast  from  Coalspur,  one  moves 
up  section  several  thousands  of  feet,  and  then  abruptly  con¬ 
tacts  beds  of  Edmonton  age,  without  passing  down  section  through 
more  than  a  few  hundred  feet  of  strata.  At  the  starting- 
point  near  Coalspur  one  is  at  least  five  thousand  feet  above 
the  base  of  the  Saunders  and  at  a  point  in  the  section  just 
below  the  main  coal-bearing  horizons".  Thus,  much  of  the 
Saunders  Formation  is  stratigraphically  below  rocks  of  the 
Edmonton  Formation. 

This  last  observation  of  Rutherford's  seems  to  suggest, 
if  we  also  allow  Bell's  paleobotanical  dates,  that  the  strata 
might  be  diachronous  with  a  given  lithology  younger  in  the 
Foothills  than  across  the  Alberta  Syncline  in  the  Plains. 
Rutherford  (1947)  had  mentioned  the  possibility  of  the  coal¬ 
bearing  horizions  migrating  stratigraphciaily  but  had  dis¬ 
missed  it  because,  as  mentioned  above,  he  felt  the  lack  of 
plant  and  invertebrate  fossils  from  the  Edmonton  Formation 
made  age  assignments  and  correlations,  as  yet,  impossible  on 
this  basis  alone.  Neverthless,  M.  Shafiqullah  (1963)  working 
with  potassium-argon  dating  noted  that  while  the  Cretaceous- 
tertiary  boundary  in  Alberta  is  stratigraphically  complex  the 
transition  is  marked  by  several  thick  diachronous  coal  beds 
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which  he  showed  as  uppermost  Cretaceous  in  the  central 
Alberta  Plains  but  lowest  Paleocene  in  the  foothills.  He 
also  suggested  that  the  rate  of  sedimentation  was  more  rapid 
in  the  western  than  on  the  eastern  side  of  the  Alberta  Syncline 
after  Kneehills  Tuff  time. 

L.S.  Russell (1950 ,  p.  40)  gives  another  interpretation  of 
the  correlation  in  this  area  which  can  best  be  stated  in 
his  own  words: 

According  to  Rutherford  the  difference  between  the 
sub-Paskapoo  strata  of  the  west  and  the  upper  part 
of  the  Edmonton  formation  of  the  east  is  merely  the 
result  of  different  conditions  of  sedimentation; 
deltaic  and  partly  brackish  water  on  the  east,  purely 
fresh-water  lakes  and  streams  on  the  west.  The  find¬ 
ings  of  the  paleontologists  have  long  been  opposed 
to  this  view;  these  upper  strata  of  the  Saunders 
series  contain  Paleocene  plants.  Fort  Union-type 
fresh-water  molluscs,  and  occasionally  mammal  teeth 
of  definitely  Paleocene  age.  To  reconcile  the  appa¬ 
rent  contradiction  of  stratigraphical  and  paleontolo¬ 
gical  evidence,  Russell  (1932a,  p.  147)  suggested 
that  the  pre-Paskapoo  Tertiary  of  the  Central  Alberta 
Foothills  Section  represented  a  portion  of  the  time 
of  the  Edmonton-Paskapoo  unconformity  of  the  east, 
in  other  words  Early  and  Middle  Paleocene  time,  and 
probably  also  a  portion  of  the  Lance  stage  in  Late 
Cretaceous.  No  serious  objection  has  been  raised  to 
this  explanation,  and  the  extension  of  the  Paleocene 
lower  limit  to  a  much  lower  position  in  the  series 
as  established  by  Bell  on  paleobotanical  grounds 
(Lang,  1947,  p.  32)  urgently  requires  some  such 
reconciliation  of  the  two  lines  of  evidence.  The 
discovery  of  an  incomplete  tooth  of  the  mammalian 
genue  Pantolambda  far  down  in  the  Saunders  series  on 
the  North  Saskatchewan  River  (Russell,  1948)  almost 
proves  this  interpretation;  it  shows  that  Middle  Paleo¬ 
cene  strata  are  present  here,  whereas,  as  we  have  seen, * 
these  are  apparently  missing  from  the  Central  Alberta 
Plains  Section. 

In  his  study  of  uppermost  Cretaceous  and  Paleocene  non¬ 
marine  molluscan  faunas  of  western  Canada,  E.T.  Tozer  (1956) 
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concurred  in  Russell's  interpretation.  However,  just  as 
Rutherford  (1947)  had  noted,  Tozer  (1956,  p.16)  concluded  that 
a  determinable  molluscan  fauna  was  absent  from  the  upper 
Edmonton  in  the  Plains  and  that  in  Edmonton  beds  to  the  north 
and  in  the  Brazeau  Formation,  paleontological  evidence  is 
available  for  the  recognition  of  lower,  but  not  upper 
Edmonton  equivalents.  This  paleontological  evidence 
consists  not  of  molluscan  remains,  which  are  rare  in  the 
Brazeau  and  upper  Edmonton  Formation,  but  of  Bell's  (1949) 
paleobotanical  material. 

Tozer  (1956,  p.33)  suggested  a  widespread  distribution 
for  the  Entrance  Conglomerate.  His  argument  is  best  stated 
in  his  own  words: 

The  paleontological  evidence  suggests  a  correlation 
of  the  conglomerate  on  North  Saskatchewan  River  with 
the  Entrance  conglomerate  of  Athabasca  River  (Lang, 

1947,  p.34).  The  Entrance  conglomerate  above  which 
Paleocene  fossil  plants  have  been  described  by  Bell 
(1949) ,  has  been  recognized  as  far  north  as  Wildhay 
River  (Irish,  1946,  p.4).  It  apparently  marks  the 
Cretaceous-Tertiary  boundary.  In  the  Coalspur  district 
a  pebble  conglomerate  is  present  approximately  900 
feet  stratigraphically  below  the  Mynheer  seam,  the 
lowest  of  the  economic  measures,  Bell  (1949, p. 21) 
has  recorded  Paleocene  plants  from  horizons  a  few 
hundred  feet  below  this  seam.  On  Blackstone  River, 

MacKay  (1934b,  p.4)  mapped  a  "cobblestone  quartzite 
conglomerate .. .at  a  horizon  900  feet  below  the  lowest 
seam" .  This  conglomerate  was  regarded  by  MacKay  as 
marking  the  "Brazeau-Edmonton"  contact.  The  coal 
seam  900  feet  stratigraphically  above  the  conglomerate 
is  in  the  "Saunders  coal  series"  of  Allan  and  Ruther¬ 
ford,  which  Bell  classifies  as  Paleocene  in  age,  hence 
the  conglomerate  on  Blackstone  River  occupies  the  same 
stratigraphic  position  as  the  Entrance  conglomerate. 

The  available  information  suggests  that  this  conglo¬ 
merate  maintains  its  stratigraphic  position  from  the 
Athabasca  to  North  Saskatchewan  River. 
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TABLE  1  —  Chart  showing  correlation  of  Late  Cretaceous  and  Tertiary  strata  of 
-  central  and  southwestern  Alberta  with  those  of  southwestern  Sask¬ 

atchewan  and  northern  United  States  (after  Snead  1968) 
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On  the  North  Saskatchewan  River,  Tozer  (1956,  p.33)  suggests 
that  the  Entrance  Conglomerate  is  represented  by  a  cobble 
conglomerate  exposed  on  the  crest  of  the  Stolberg  Anticline 
300  to  500  feet  below  a  Paleocene  age  florule  and  1100  to 
1300  feet  below  the  base  of  the  coal-bearing  member  of  the 
Saunders.  The  apparent  homotaxial  nature  of  the  coals  and 
conglomerates  at  these  four  sections  is  suggestive  of  such 
an  interpretation  as  the  above.  But,  it  should  be  remembered 
that  Paleocene  plant  remains  are  found  3,500  feet  above  the 
Entrance  Conglomerate  at  its  type  area  near  the  Athabasca 
River.  Coals  below  this  level  which  Bell  and  Tozer  would 
correlate  with  the  productive  seams  to  the  south  do  not  bear 
identifiable  megafossils  according  to  Bell  (in  Lang  1947). 
Lithologically  the  Entrance  Conglomerate  is  distinct  only  in 
the  Entrance  map-area.  Rutherford  (1947,  p.57)  states  that 
"this  horizon  loses  its  identity  as  one  proceeds  southward 
and  has  not  been  definitely  determined  on  the  Saskatchewan". 

Yet  another  interpretation  is  put  forward  by  R.H.J.  Elliot 

(1960,  p.  328-329)  in  his  subsurface  study,  of  the  Edmonton 

Formation  where  he  writes: 

By  comparison  with  the  foothills  sections  it  is 
thought  probable  that  the  Belly  River ,  as  it  has 
been  correlated,  is  probably  equivalent  to  the  lower 
Brazeau  formation,  which  is  characterized  by  more 
coarse  elastics  than  the  overlying  Upper  Brazeau. 

The  top  of  the  Upper  Brazeau  is  characterized  by  an 
increasing  number  of  volcanic  ash  beds  which  may  be 
related  to  the  widespread  ash  deposits  that  resulted 
in  the  Kneehills  tuff  zone.  The  top  of  the  Upper 
Brazeau  is  marked  by  the  Entrance  conglomerate  which 
may  have  been  deposited  as  a  result  of  the  same 
violent  diastrophic  events  which  provided  the  air- 
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borne  material  for  the  earlier  ash  deposits.  Thus, 
it  is  thought  probable  that  the  top  of  the  Brazeau 
formation  may  by  the  time  equivalent  of  the  top  of 
the  Middle  Edmonton. 

A  similar  interpretation  was  put  forward  by  J.R.  Ower 
(I960,  p.318)  when  he  was  establishing  a  zonation  of  the 
Edmonton  Formation. 

However,  a  tuff  bed  and  dark  shale  have  been 
reported  immediately  below  the  Entrance  conglomerate. 

It  is  possible  that  the  Entrance  conglomerate  may 
be  equivalent  to  the  base  of  Member  E.  and  the 
Embarras  formation  may  be  Lance  in  age,  with  the 
heavy  coal  seams  roughly  equivalent  to  the  thick 
seams  of  Member  E  on  the  plains. 

Ower ' s  Member  D  is  a  rock  unit  including  the  Kneehills 
Tuff  and  his  Member  E  includes  the  remaining  uppermost  Edmonton 
Formation  including  the  Ardley  coal  seam  (see  Figure  5) .  The 
Lexicon  of  Geologic  Names  in  the  Western  Canada  Sedimentary 


Basin  and  Arctic  Archipelago  (Hargreaves  et  al.  1960)  does  not 
list  the  Embarras  Formation  which  apparently  is  being  used  for 
the  coal-bearing  beds  including  and  above  the  Mynheer  or  lowest 
coal  seam  of  the  Coalspur  and  Stereo  area.  Both  Elliot  and 
Ower  omit  mention  of  the  70  foot  thick  massive  sandstone 
underlying  the  Entrance  conglomerate  and  separating  it  from 
the  bentonite  seams  and  shales. 

E.J.W.  Irish  (1965)  summarises  the  geology  of  the  Alberta 
Foothills  between  53°15'  and  54°15'  North.  In  the  Entrance 
map-area,  he  follows  Lang  (1947)  almost  exactly  but  differs 
from  Tozer  (1956)  in  not  applying  the  term  "Paskapoo  For¬ 
mation"  to  the  post-Brazeau  beds  which  include  the  Entrance 
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Conglomerate  and  overlying  strata.  Irish,  Like  Lang  (1947) 
refers  to  these  beds  as  "Paleocene" ; 

In  summary,  at  least  three  interpretations  of  the 
Entrance  Conglomerate's  stratigraphic  relationships  can  be 
stated.  (1)  The  Entrance  Conglomerate  is  part  of  a  continu¬ 
ous  depositional  sequence  of  Upper  Cretaceous  age  equivalent 
both  above  and  below  to  parts  of  the  Edmonton  Formation  and 
more  specifically  to  Member  D  or  the  Kneehills  Tuff  zone  below 
the  conglomerate  and  Member  E  or  the  coal-bearing  upper 
Edmonton  above  the  conglomerate.  (2)  The  Entrance  Conglomer¬ 
ate  is  at  the  Cretaceous /Tertiary  boundary  in  a  continuous 
depositional  sequence  with  the  underlying  beds  equivalent  to 
the  Upper  Edmonton  division  and  the  overlying  beds  Paleocene, 
though  probably  pre-Paskapoo ,  in  age.  (3)  The  Entrance 
Conglomerate  is  a  basal  unit  over  an  erosional  break  with  the 
underlying  beds  of  Middle  Edmonton  age  equivalent  to  Ower ' s 
Member  D  and  the  overlying  beds  of  Paleocene  age. 

No  speculation  as  to  the  relationship  of  particular 
lithologic  units  as  expressed  in  the  Foothills  and  Plains  with 
regard  to  time  transgression  or  facies  changes  will  be  entered 
into.  This  is  beyond  the  scope  of  the  thesis,  entailing,  as 
it  must,  much  more  field  work. 

Figure  1,  a  regional  map  taken  from  Tozer  (1956),  may  - 
aid  in  locating  the  various  towns  and  rivers  mentioned  in  the 
foregoing  review.  Table  1,  a  correlation  chart  taken  from 
Snead  (1968) ,  shows  the  stratigraphic  relationships  of  Late 
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Cretaceous  and  Tertiary  formations.  Note  that  Snead  shows  the 
Entrance  Conglomerate  at  the  Cretaceous-Tertiary  boundary  as 
suggested  by  the  Geological  Survey  of  Canada. 

Review  of  Paleontology 

The  plant  megafossils  of  the  Entrance  area  have  been 
studied  by  W.A.  Bell  (1949);  the  microflora  of  the  Brazeau 
Formation  (sensu  Lang,  1947)  was  studied  in  a  preliminary 
manner  by  N.W.  Radforth  and  G.E.  Rouse  (1954);  and  some  verte¬ 
brate  remains  were  mentioned  in  A . H .  Lang  (1947)  .  From 
related  beds  to  the  south  and  east,  P.S.  Warren  in  R.L. 
Rutherford  (1926)  described  fossil  invertebrates  and  plants; 
L.S.  Russell  (1932)  described  invertebrate  fossils  and  a 
mammal  tooth  from  the  McLeod  River;  again  Russell  (1948) 
described  a  mammal  tooth  from  the  North  Saskatchewan  River; 
and  E.T.  Tozer  (1956)  dealt  with  non-marine  molluscan  faunas 
of  the  western  Alberta  uppermost  Cretaceous  and  Paleocene. 

The  following  lists  of  fossils  from  the  Entrance  area 
are  taken  from  Bell  (1949),  Radforth  and  Rouse  (1954),  and 
Lang  (1947),  and  deal  with  megaflora,  microflora,  and  verte¬ 
brates  respectively. 


Megaflora 

Below  are  listed  the  floras  Bell  (1949)  identified  from 
strata  above  and  below  the  Entrance  Conglomerate.  The  age 
of  the  floras  is  also  given.  These  lists  are  followed  by 
lists  taken  from  Lang  (1947)  applying  more  closely  to  the 
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Entrance  area.  Though  all  the  identifications  were  done  by 
Bell,  certain  discrepancies  are  noted  and  adjustments  made. 
Flora  of  the  upper  part  of  the  Brazeau  Formation:  Bell  (1949, 

p.  20) 

Ginkgoites  sp. 

Nilssonia  sp . 

N.  serotina  (Heer) 

Sequoiites  artus  Bell 
Elatocladus  intermedius  (Hollick) 

Dryophyllum  sp .  cf.  D.  moor ii  Knowlton  (?non  Lesquereux) 
Platanus  sp . 

Magnoliaephyllum  pulchrum?  (Ward) 

J enkinsella  arctica  (Heer)  forma  minor  (Berry) 
Celastrinites  insignis?  (Heer) 

Vitis  stantoni  (Knowlton)  Brown 
Viburnum  simile  Knowlton 
Spirodela  scutata  Dawson 

Age:  "...equivalent  in  age  to  a  part  of  the  Edmonton 

formation  and  seemingly  are  more  probably  synchronous  with 
an  upper  part  of  the  Lower  Edmonton  than  with  the  Upper 
Edmonton."  (Bell,  1949,  p.  21). 

Flora  of  the  upper  part  of  the  Brazeau  Formation:  Bell  (in 
Lang  1947,  p.  33) 

No.  3277  Old  railway  grade,  near  abandoned  bridge  Entrance: 

Taxodites  intermedius  (Hollick)  (=Elatocladus  intermedius 
(Hollick) 

No.  3274  Old  grade,  one-half  mile  east  of  Entrance: 

Taxodites  intermedius  Hollick)=E.  intermedius  (Hollick) 
Thuja  interrupta  Newberry  (=Thuites  interruptus  (Newberry) 
Trapa?  microphylla  Lesquereux  (=Nymphaeites  angulatus ) 
(Newberry) 

Dombeyopsis  sp . 

No.  3275  Old  grade,  one-half  mile  east  of  Entrance: 

Nilssonia  serotina  (Heer) 

Ginkgo  laramiensis  Ward 

Thuja  interrupta  Newberry  (Thuites  interruptus  (Newberry) ) 
Trochodendroides  sp . 


•  - 


23 


Age:  late  Upper  Cretaceous  age,  equivalent  in  part  to 

the  Edmonton  Formation. 

Comment:  Though  Bell's  list  of  Brazeau  Formation  plants 

is  given  above,  within  the  systematic  portion  of  his  1949 
publication  he  states  that  Dombeyopsis  nebrascensis  and 
Trochodendroides  arctica  occur  in  the  upper  Brazeau  Formation 
but  omitted  these  species  from  the  formation  list  in  that 
publication.  Both  of  these  forms  are  long-ranging  Cretaceous- 
Tertiary  forms. 

In  his  1949  publication  Bell  does  not  list  Nyphaeites 

angulatus  nor  Thuites  interruptus  from  the  upper  Brazeau 

Formation,  though  he  identified  them  as  occurring  in  the 

Brazeau  Formation  beneath  the  Entrance  Conglomerate  in  Lang 

(1947).  Both  occur  in  the  Edmonton  Formation  also. 

Flora  of  the  Post-Brazeau  Beds:  Bell  (1949 ,p. 21-22) 

Equisetum  alexoensis  Bell 
p  E.  boreale  Heer 

Cladophlebis  groenlandica  (Heer) 
p  Onoclea  hebridica  (Forbes) 

Elatocladus  (Taxites? )  olriki  (Heer) 
p  Sequoiites  langsdorf ii  (Brongniart) 
p  Cryptomerites  lambii  Bell 

p  Elatocladus  (Cryptomerites? )  nordenskioldi  (Heer) 
Thuites  interruptus  (Newberry) 

Drypphyllum  (Castanea? )  sp. 
r  Quercus  praegroenlandica  Berry 
Platanus  raynoldsii  Newberry 
Trochodendroides  arctica  (Heer) 

Jenkinsella  arcticiT  (Heer) 

Dombeyopsis  nebrascensis  (Newberry)  Bell 
Nymphaeites  angulatus  (Newberry)  Bell 
p  Paranymphaea  crassif olia  (Newberry) 

Celastrinites  insignis  CHeer ) 

Zizyphoj-des  Colombo  (Heer) 

Z.  mackayi  Bell 
Aralia  alexoensis  Bell 
Oreopanax?  sp . 
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Dicotylophyllum  contractinervosum  Bell 
Carpolithus  symplocoides?  Heer 
Spirodela  scutata  Dawson 

Age:  On  the  basis  of  six  species  that  occur  elsewhere 

only  in  the  Paskapoo  Formation  (identified  above  by  a  '  p') 
and  another  species  occurring  in  the  Ravenscrag  Formation 
(identified  by  a  'r').  Bell  (1949,  p.22)  considers  this  to 
be  "sufficient  to  place  the  flora  in  the  Paleocene,  although 
it  is  quite  possible  that  the  beds  carrying  this  flora  are 
of  an  earlier  Paleocene  age  than  basal  Paskapoo  beds  in  the 
eastern  limb  of  the  Alberta  Syncline".  Further  to  this  idea, 
he  states  (op.  Cit.,  p.  16)  that  "vertebrate  and  stratigraphic 
relations,  however,  both  testify  that  the  flora  should  be¬ 
long  to  an  earlier  stage  in  the  Paleocene  than  the  Paskapoo, 
and  the  presence  of  Dombeyopsis  nebrascensis ,  which  has  sur¬ 
vived  from  the  Upper  Cretaceous,  is  in  agreement  with  this". 
The  majority  of  specimens  came  from  the  .roof  strata  of  the 
Mynheer  coal  seam  which  was  the  lowest  commercial  coal  in  the 
Coalspur  district.  Bell  examined  'corresponding  beds'  in 
the  Entrance  area  above  the  Entrance  Conglomerate  and  did 
not  find  fossils  (Lang,  1947) . 

Florules  from  above  the  Entrance  Conglomerate:  Bell  (in 
Lang  1947,  p.35) 

Catalogue  No.  3271  on  Fish  Creek  from  strata  estimated 
to  be  3,500  feet  above  the  Entrance  Conglomerate.  No  florules 
were  found  between  this  one  and  the  Entrance  Conglomerate. 

p  Sequoia  langsdorf ii  (Brogniart)  Heer 

Trochodendroides  arctica  (Heer)  Berry 
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p  Viburnum  antiquum  (Newberry)  Hollick 

Catalogue  No.  3272  from  the  same  stratigraphic  horizon 
as  above  on  Pedley  Creek  immediately  east  of  the  Entrance 
map-area . 

p  Onoclea  sensibilis  fossilis  Newberry  (=0.  hebridica) 
(Forbes)  — 

p  Sequoia  langsdorf ii  (Brogniart)  Heer 
Sequoia  cones  (probably  S.  langsdorf ii) 

Trapa?  Microphylla  Lesquereux  -  Nymphaeites  angulatus 
(Newberry) 

Trochodendroides  arctica  (Heer) 

Celastrinites  insignis  CHeer ) 

Age:  Bell  concluded  that  both  florules  are  probably 

Paleocene.  Again  the  critical  species  of  Paleocene  age  have 
been  noted  by  a  'p'. 

Comment:  Bell  (1949)  does  not  list  Viburnum  antiquum  as 

occurring  in  the  post-Brazeau  beds  though  he  does  describe 
it  from  above  the  Brazeau  Formation  in  Lang  (1947).  This 
species  also  occurs  in  the  Paskapoo  Formation. 

An  examination  of  Bell's  (1949;  in  Lang,  1947)  lists 
and  descriptions  of  plant  fossils  from  the  Entrance  area 
shows  that,  of  the  sixteen  species  found  in  the  upper  part 
of  the  Brazeau  Formation  and  the  six  species  found  in  the 
Post-Brazeau  beds  3,500  feet  above  the  Entrance  Conglomerate, 
three  are  common  to  both  formations.  The  remaining  three 
species  from  above  the  conglomerate  are  found  elsewhere  only 
in  formations  of  Paleocene  age.  Of  the  sixteen  species 
found  below  the  conglomerate,  all  but  four  are  also  found  in 
the  Edmonton  Formation  particularly  that  part  below  the  Knee- 


hills  Tuff  horizon. 
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Microflora 

N.W.  Radforth  and  G.E.  Rouse  (1954)  investigated  seven 
thin  coal  seams  within  the  Brazeau  Formation  in  the  Entrance 
area  of  Alberta.  They  do  not  give  the  locations  of  these  out 
crops  nor  their  stratigraphic  occurrence  within  the  Brazeau 
Formation.  Very  few  formal  names  were  applied  to  the  spores 
and  pollen  that  they  illustrated.  The  list  given  below  in 
many  cases  uses  the  name  Rouse  (1957)  applied  to  these 
Brazeau  fossils  when  he  found  identical  entities  in  the  Comox 
and  Oldman  Formations .  Another  publication  by  Radforth  and 
Rouse  (1956)  was  consulted  to  add  yet  more  names  to  the 
list.  Since  I  have  had  to  make  this  list  from  three 
different  publications  whose  relevant  data  essentially  comes 
from  the  earliest  one,  I  have  grouped  the  names  by  publi¬ 
cation  rather  than  by  family.  Therefore  certain  names  are  re 
peated  in  lists,  as  expected,  but  certain  omissions  can  be 
seen  if  the  lists  are  compared.  No  doubt,  in  part  these  are 
the  result  of  the  respective  intentions  of  the  papers  cited. 
Radforth  and  Rouse  1954  (Named  specimens  only  listed) 

Sphagnum  antiquasporites  Wilson  and  Webster 
Tl  cf.  Punctati-sporites  sp. 

51  cf.  Mohria-type 

S10  cf .  Senf tenbergia  plumosa  (Artis)  Radforth 
cf .  Raistrickia  / 

V3  cf .  Polypodium- sporites  aliensus  R.  Potonie 

52  cf.  Lycopodium  sp . 

Laeviga to- sporites  sp.  (02,06) 

N5  cf.  Podocarpus  sp. 

L2  cf.  Cycadopites  sp. 

Ml  cf .  Pollenites  problematicus  R.  Potonie 
M2  cf .  Pollenites  mergagertrudae  R.  Potonie 
M4  cf .  Pollenites  magnus  dubius  R.  Potonie  and  Venitz 
M4  cf .  Pollenites  polyformosus  Thiergart 
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Betula  clar ipites  Wodehouse  (Ql) 

Betula  sp .  -Q2 

Carya  viridi-f luminipites  (Wodehouse)  Wilson  and  Webster 
(Q3 ) 

Momipites  coryloides  Wodehouse  (Q5)y 
U3  cf .  Pollenites  laesus  R.  Potonie 

Radforth  and  Rouse  1956 

(0:-also  in  Oldman  Formation,  C:-also  in  Comox  Formation). 
Cycadopites  ovatus  (L2) 

C.  follicularis  Wilson  and  Webster  (L7)  (0.) 

Sporonites  montanensis  Miner  (M24)  (0.) 

Laevigato-sporites  albertensis  Rouse  (01)  (0.&C.) 

L.  ovatus  Wilson  and  Webster  (0.) 

Taxodium  hiatipites  Wodehouse  (P5)  (0.) 

Peridinium  hansonianum  Traverse  (R3) 

Cicatricosiporites  dorogensis  Potonie  and  Gelletich  (0.) 
Sphagnum  antiquasporites  Wilson  and  Webster  (S4)  (0.&C.) 

Lycopodium  reticulumspor ites  S14a 
L.  subreticulaesporites  S14b 

Aquilapollenites  quadrilobus  Rouse  (N2)  (0.) 

Alisporites  opii  Daugherty  (N8) 

Osmunda-sporites  primarius  Wolff  (T1,T8)  (0.  &  C.) 

Elytranthe  striatus  Couper  (U5)  (0.) 

Raistrickia  canadensis  (Wl) 

fungal  spore  (W3)  (0.) 

Rouse  1957  (Brazeau  palynomorphs  found  in  Comox  or 
Oldman) 

Sphagnum  antiquasporites  Wilson  and  Webster  S4 
Laevigato-sporites  ovatus  Wilson  and  Webster  04 
L.  albertensis  Rouse  02 
Osmunda-sporites  elongatus  Rouse  T4 
07  primarius  Wolff  Tl,T8 

(Podocarpidites  bif ormis  Rouse  N12  =  N5-Podocarpus  sp . ) 
Aquilapollenit.es  quadrilobus  Rouse  N2 

Age:  No  age  designation  was  attempted  by  Radforth  and  Rouse 

(1954)  .  They  suggested  that  their  data  indicated  future 

attempts  at  correlation  within  the  Brazeau  Formation  between 

seams  or  to  other  coal-bearing  formations  would  have  a  good 


chance  of  success. 
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Vertebrate  Fossils 

Within  the  Brazeau  Formation  in  the  Entrance  area,  Lang 
(1947)  reports  the  following  occurrences  of  vertebrate 
remains : 


Scattered  dinosaur  bones  and  teeth  occur  in  these 
beds  at  several  localities  near  Entrance.  Mr.  R.C. 
Sibley,  formerly  station  agent  at  Entrance,  made  a 
large  collection  of  these  and  sent  some  specimens  to 
Dr.  Barnum  Brown  of  the  American  Museum  of  Natural 
History,  who  reported  (R.C.  Sibley,  personal  com¬ 
munication)  that  they  were  prooably  wash  accumula¬ 
tion;  and  that  a  tooth  was  probably  from  Gorgosaurus 
libratus ;  and  that  a  toe  bone  was  probably  from 
Corythosaurus  (casuarius? ) .  Coleman  and  Parks  (1922, 
p.  325)  state  that  Corythosaurus  is  a  typical  Belly 
River  dinosaur,  and  that  Gorgosaurus  is  also  found 
in  the  Belly  River.  )p.  33-34) 


. 
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CHAPTER  TWO 


PALYNOLOGICAL  BIOSTRATIGRAPHY 


Palynomorph  Occurrences 

Fifty-three  species  of  thirty-nine  form-genera  (Staf leu's 
1967  definition)  of  twenty-two  families  are  described  from 
five  Hinton  area  localities.  They  are  arranged  in  lists  to 
show  their  occurrence  relative  to  the  Entrance  Conglomerate. 
The  categories  used  for  this  purpose  are  as  follows  (see 
Figure  3  as  well) : 

Below  the  Conglomerate  (Entrance  quarry  road  locality) 

Above  and  Below  the  Conglomerate 

Just  and  Well  Above  the  Conglomerate  (50  to  3,500  feet) 

Just  Above  the  Conglomerate  (0  to  75  feet;  Hardisty  Creek 
locality) 

Well  Above  the  Conglomerate  (3,000  to  3,500  feet) 

The  localities  are  designated  by  the  following  key.  The  ini¬ 
tials  are  placed  to  the  right  of  a  species  if  it  occurs  at 
the  encoded  locality.  The  key  is  as  follows: 

EA :  Entrance  quarry  road  locality  (about  75  feet  below 

the  conglomerate) 

EB:  Abandoned  coal  mine  locality  (about  1,500  feet  above 

the  conglomerate) 

EC:  Athabasca  Ranch  Locality  (about  3,500  feet  above 

the  conglomerate) . 

ED:  Fish  Creek  (near  Bell's  1945  collecting  site)  local¬ 

ity  (about  3,500  feet  above  the  conglomerate) 

EZ:  Hardisty  Creek  locality  (3  feet  below  to  75  feet 

above  the  conglomerate) 


* 
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Below  the  Conglomerate  (Entrance  quarry  road  locality  unless 
annotated) 

Form  "L"  (leiofusid)  EZ 

Pluricellaesporites  sp .  cf .  P.  psilatus  Clarke 

Balmeisporites  sp.  C.  (of  Snead  1968) 

Polypodiisporites  favus  (Potonie)  Potonie 

Cicatricosisporites  cf.  C.  striatus  Rouse 

Liliacidites  mirus  Srivastava 

Liliacidites  sp .  (of  Srivastava  1966) 

Nyassapollenites  cf .  N.  parvus  Srivastava 

Myr iophyllum  cf.  M.  ambiguipites  Wodehouse  (of  Stanley 
1965) 

Tricolpites  cf.  T.  vulgaris  (Pierce)  Srivastava 
Mancicorpus  senonicus  Mtchedlishvili 
Wodehousea  spinata  Stanley 

Above  and  Below  the  Conglomerate 

Laevigatosporites  ovatus  Wilson  and  Webster  EA-ED,  EZ 

L.  haardti  (Potonie  and  Venitz  1946)  Thomson  and  Pflug 
EA-ED ,  EZ 

Taxodiacieaepollenites  hiatus  Kremp  EA,  EB,  ED,  EZ 

Cyathidites  minor  Couper  EA,  EB,  ED,  EZ 

Caryapollenites  scabratus  Groot  and  Groot  EA,  ED,  EZ 

Deltoidospora  diaphana  Miner  EA,  ED,  EZ 

Stereisporites  antiquasporites  (Wilson  and  Webster) 
Dettman  EA,  EZ 

Lycopodiumsporites  papillaesporites  (Rouse)  Srivastava 
EA,  EZ 

Osmundacidites  cf.  0.  wellmanii  Couper  EA,  EZ 
"  Gleicheniidites  sp.  cf.  G.  senonicus  Ross  EA,  EZ 


. 
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Cicatricosisporites  sp .  EA,  EZ 

Cycadopites  cf.  C.  follicularis  Wilson  and  Webster  EA,  ED 
Erdtmanipollis  pachy sandro ides  Krutsch  EA,  EZ 
Proteacidites  cf .  P.  thalmanni  Anderson  EA,  EZ 

Just  and  Well  Above  the  Conglomerate  (50  to  3,500  feet) 
Alnipollenites  trina  (Stanley )ED,  EZ 

Just  Above  the  Conglomerate  (0  to  75  feet;  Hardisty  Creek 

locality) 

Lycopodiumsporites  sp .  A 

Equisetumsporites  sp.  aff,  E.  la jwantis  Srivastava  1968 

Baculatisporites  cf.  B.  comaumensis  (Cookson)  Potonie 

Balmeisporites  sp .  D 

Schizosporis  complexus  Stanley 

Leptolepidites  cf.  L.  tenuis  Stanley 

Cranwellia  rumseyensis  Srivastava 

Pollen  cf .  Liriodendron  psilopites  Wodehouse  (of 
Srivastava  1966) 

Proteacidites  thalmanni  var .  major  Srivastava 
Tetracolpites  cf.  T.  reticulatus  Srivastava 
Mancicorpus  cf .  M.  rostratus  Srivastava 
Aquilapollenites  reductus  Norton 
A.  amplus  Stanley 
A.  sp .  A 
A.  sp.  B 

Well  Above  the  Conglomerate  (3,000  to  3,500  feet) 

Carpinites  subtr iangula  (Stanley)  EC,  ED 


Pseudotricolpites  cf.  P.  reticulatus  Stanley  E C,  ED 
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FIGURE  4  —  Angiosperm  pollen  common  to  the  Entrance  area  and  to  the  Edmonton  Formation 
as  studied  by  Srivastava  (1966,  1968)  and  Bihl  (1968) 

(O53  fossils  recovered  by  Bihl  near  Sheerness,  Alberta) 
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Tricolpites  hians  Stanley  EC 
Polypodiisporites  sp .  (of  Snead  1968)  ED 
Momipites  cf .  M.  tenuipolis  Anderson  ED 
M .  cf .  M_^  ineaqualis  Anderson  ED 
Ulmipollenites  tricostatus  (Anderson)  ED 
U.  sp.  cf .  Umoideipites  krempi  Anderson  ED 
Fraxinoipollenites  variabilis  Stanley  ED 
Salixipollenites  sp .  cf.  S.  A  (of  Snead  1968)  ED 
Unfigured  genera  include  members  of  the  families 
Podocarpaceae,  Cupressaceae  and  Pinaceae.  Unfigured  specimens 
which  are  probably  contaminants  from  older  sediments  include 
a  single  specimen  of  Gonyaulacysta  sp.  and  a  single  specimen 
of  Taurocusporites  sp .  The  lithology  of  the  lignitic  salt 
and  pepper  sandstone  suggests  a  distinct  possibility  of  non- 
contemporaneous  fossils  being  recycled.  A  certain  amount  of 
contamination  from  geologically  older  sediments  must  be  ex¬ 
pected.  Discrimination  of  this  sort  of  contamination  is  not 
easy,  particularly  since  a  number  of  species  were  recovered 
in  small  numbers.  Obvious  evidence  of  short-range  trans¬ 
port  and  redeposition  was  given  by  the  presence  of  a  six  by 
ten  inch  shale  nodule  within  the  Entrance  Conglomerate  three 
feet  above  its  base  at  the  Hardisty  Creek  locality.  This 
block  contained  species  of  Gleicheniidites ,  Stereisporites , 
Cicatricosisporites ,  Cyathidites  and  Laevigatosporites . 

As  was  mentioned  earlier,  the  decision  was  made  to  leave 
unfigured  and  undescribed  most  rare  specimens  which  could  not 
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be  assigned  to  an  established  species  as  such  evidence  would 
(at  present)  add  nothing  to  the  argument  for  or  against  a 
particular  correlation  to  Plains  strata.  The  quality  of  pre¬ 
servation  did  not  appear  to  be  quite  as  good  as  that  for  spe¬ 
cimens  recovered  in  the  Alberta  Plains  by  Srivastava  (1966, 
1968)  and  Snead  (1968) .  This  may  be  a  function  of  weathering 
or  probably  a  side  effect  of  the  heat  and  pressure  generated 
during  deformation  of  the  Foothills  sediments.  Details  of 
sampling  and  processing  for  palynomorph  recovery  are  given 
in  Appendix  A. 

Comparison  With  Other  Alberta  Suites 
A  comparison  with  palynomorph  suites  of  Maestrichtian 
and  Paleocene  age  recovered  from  rocks  to  the  east  and  south 
of  the  Entrance  area  within  Alberta  suggests  correlations  of 
the  Entrance  Conglomerate  with  strata  in  the  Plains.  Work 
done  by  Srivastava,  Snead,  and  Bihl  is  most  pertinent. 
Srivastava  (1966,  1968)  studied  the  late  Cretaceous 
sediments  of  the  Cypress  Hills  and  the  Edmonton  Formation  of 
the  Red  Deer  River  valley.  He  divided  this  formation  into 
nine  zones  based  on  angiosperm  pollen  (see  Figure  4).  Bihl 
(1968)  extended  some  pollen  ranges  in  his  study  of  the 
Sheerness  badlands  (top  of  Zone  IVa) .  Snead  (1968)  studied 
three  Edmonton-Paskapoo  sections  on  the  Red  Deer  River  and 
R.C.A.  Core  Hole  No.  65-1  about  25  miles  southwest  of  Edmon¬ 
ton  which  cored  through  from  the  Paskapoo  Formation  into  the 
Edjnonton  Formation.  He  recognised  three  microfloral  'zones' 
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with  the  middle  one  possibly  containing  the  Cretaceous- 
Tertiary  boundary.  The  following  paragraphs  treat 
palynomorphs  common  to  the  Entrance  area  and  to  the 
central  Alberta  area. 

Below  are  listed  the  restricted  species  common  to  the 
Entrance  area  and  Snead's  (1968)  microfloral  'zones'  of  the 
Edmonton  and  Paskapoo  Formations.  To  the  right  of  each 
species  entry  the  occurrence  relative  to  the  Entrance  Conglo 
merate  is  shown.  The  key  is  as  follows: 

EA:  just  below,  Entrance  quarry  road  outcrop  locality 

EZ :  just  above  Hardisty  Creek  locality 

ED:  well  above.  Fish  Creek  locality 

EC:  well  above,  Athabasca  Ranch  locality 

Species  of  microfloral  "zone"  A  (of  Snead) 

Leptolepidites  (cf.)  tenuis 
Schizosporis  complexus 
Aquilapollenites  amplus 
A .  reductus 

Erdtmanipollis  pachy sandro ides 
Balmeisporites  sp.  C  (of  Snead) 

Wodehousea  spinata 

Species  of  microflora  "zones"  A  and  B  (of  Snead) 

Cranwellia  rumseyensis 
Polypodiisporites  sp.  (of  Snead) 

Species  of  microfloral  "zones"  B  and  C  (of  Snead) 

Alnipollenites  trina  EZ  /  ED 


EZ 

EZ 

EZ 

EZ 

EZ,  EA 

EA 

EA 

EZ 

ED 
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Salixipollenites  (cf.)  sp.  A  (of  Snead) 


ED 


Ulmipollenites  tricostatus 


ED 


Momipites  (cf.)  tenuipolis 
M.  (cf.)  inaequalis 


ED 


ED 


Species  of  microfloral  "zone"  C 


Caryapollenites  scabratus 


EA ,  EZ  ,  ED 


Carpinites  subtriangula 


ED,  EC 


Snead  considered  his  'zone'A  of  the  Edmonton  Formation 
immediately  above  and  below  the  Mauve  Shale  (Kneehills  Tuff) 
Member  to  be  of  Late  Cretaceous  (Maestrichtian)  age.  The 
palynomorphs  listed  for  'zone'  A  and  'zones'  A  and  B  show  no 
special  relationship  to  the  Kneehills  Tuff  horizon  (Ower ' s 
1960  Member  D)  and  usually  occurred  both  below  and  above  it. 
His  middle  microfloral  'zone'  B  is  restricted  to  the  upper¬ 
most  Edmonton  Formation  (Ardley  coaly  interval)  and  has  both 
a  Cretaceous  and  Tertiary  aspect.  Thus  it  may  contain  the 
Cretaceous-Tertiary  Boundary.  His  upper  'zone'  C  coincides 
with  the  lower  Paskapoo  Formation  and  shows  a  Paleocene  age. 
The  relationship  of  Snead's  three  'zones'  to  the  Edmonton  and 
Paskapoo  Formations  and  Srivastava's  (1968)  zonation  is  shown 
schematically  on  Figure  4 . 

Sixteen  species  of  stratigraphic  significance  were  found 
to  be  common  to  this  study  and  Snead's.  The  Entrance  quarry- 
road  (EA)  and  the  Hardisty  Creek  (EZ)  localities,  immediately 
below  and  above  the  Entrance  Conglomerate,  seem  to  be  equi¬ 
valent  to  Snead's  'zone'  A  with  7  species  from  his  'zone'  A, 
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one  species  from  his  'zones'  A  and  B,  one  species  from  his 
'zones'  B  and  C,  and  one  species  from  his  'zone'  C  (this  last 
species,  Caryapollenites  scabratus ,  has  been  found  by 
Srivastava  (1968)  throughout  the  Edmonton  Formation) .  The 
Fish  Creek  locality,  about  3,500  feet  above  the  Entrance  Con¬ 
glomerate  near  Bell's  1945  collecting  site,  seems  to  be  equi¬ 
valent  to  Snead's  'zone'  B  and  part  of  C  representing  a  time 
interval  which  may  be  earliest  Paleocene.  Snead's  'zone'  C 
in  the  lower  Paskapoo  of  the  Plains  is  of  Late  Paleocene  age 
(Russell  1950)  .  This  locality  has  one  species  from  his 
'zones'  A  and  B,  5  species  from  his  'zones'  B  and  C,  and  2 
species  from  his  'zone'  C  (one  of  which,  C.  scabratus ,  has 
been  found  throughout  the  Edmonton  Formation) .  The  presence 
of  ulmaceous  and  betulaceous  pollen  is  usually  considered  in¬ 
dicative  of  a  Paleocene  age  (Anderson  1960;  Newman  1964); 
Leffingwell  1966;  Norton  and  Hall  1967). 

Nineteen  angiosperm  species  are  common  to  the  Entrance 
area  and  the  Edmonton  Formation  as  studied  by  Srivastava 
(1966,  1968)  and  Bihl  (1968).  The  common  species  and  their 
distribution  within  the  Edmonton  Formation  are  shown  on 
Figure  4.  Most  species  are  quite  long-ranging  within  the 
Edmonton  Formation.  Those  that  have  more  restricted  ranges 
give  conflicting  results  (see  Fig.  4)  as  to  the  stratigraphic 
position  of  the  Entrance  Conglomerate.  Eleven  non-angiosperm 
species  were  identical  or  nearly  identical  to  ones  found 
by  Srivastava  (1966,  1968a,  1968c)  in  the  Edmonton  Formation. 
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These  are  not  considered  here  for  correlation  purposes 
because  their  range  within  the  Edmonton  has  not  been  out¬ 
lined.  Those  angiosperm  species  represented  by  only  a 
single  specimen  have  been  given  less  weight  when  attempt¬ 
ing  correlations.  This  implies,  not  a  quantitative  approach, 
only  the  greater  likelihood  of  these  being  contaminants . 

Two  species  in  particular  are  worth  more  detailed  consi¬ 
deration  because  they  occur  in  large  enough  numbers  to  per¬ 
haps  rule  out  the  possibility  of  some  form  of  contamination. 
These  two  are  Wodehousea  spinata  which  occurs  in  Srivastava's 
Zone  VIII  and  Mancicorpus  senonicus  which  occurs  in 
Srivastava's  Zone  III  and  also  at  the  top  of  Zone  IVa  accord¬ 
ing  to  Bihl .  That  is,  elements  of  a  lower  Lower  Edmonton 
flora  are  present  together  with  those  of  an  uppermost  Middle 
and  Upper  Edmonton  flora  -  both  these  species  occur  in  samples 
(sometimes  the  same  ones)  from  below  the  Entrance  Conglomerate 
at  the  Entrance  quarry  road  locality.  Perhaps  some  different 
sort  of  ecological  situation  pertained  away  from  the  Red 
Deer  River  permitting  the  co-existence  of  these  two  species. 
The  affinity  of  these  two  species  is  not  yet  known.  A  compa¬ 
rison  of  the  species  which  Snead  (1968)  recovered  and  de¬ 
scribed  with  those  recovered  by  Srivastava  and  Bihl  demon¬ 
strates  that  twelve  are  common  and  at  least  five  of  those 
show  some  apparent  inconsistencies  in  range  of  occurrence. 
Obviously  palynological  work  has  just  begun  in  Alberta  and 
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Srivastava,  the  upper  boundary  of  the  Middle  Edmonton  divi¬ 
sion  of  Allan  and  Sanderson,  and  the  Kneehills  Tuff  horizon. 
This  placement,  rather  than  a  relatively  lower  one,  is 
bolstered  by  the  fact  that,  for  his  'zone'  A,  Snead  sampled 
no  lower  than  the  upper  part  of  Ower ' s  Member  C  (Middle 
Edmonton)  and  up  into  Member  E  (Upper  Edmonton)  to  which  the 
lower  two  Entrance  area  localities  correlate  reasonably  well. 

Apparently,  deposition  was  fairly  continuous  through 
the  sequence  of  beds  containing  the  Entrance  Conglomerate , 
but  there  is  evidence  for  a  short  break  in  deposition  at  the 
conglomerate.  This  evidence  consists  of  the  facts  that  where¬ 
as  fourteen  described  species  were  recovered  both  above  and 
below  the  conglomerate,  twelve  were  recovered  exclusively 
below  it  in  the  Entrance  quarry  road  locality,  and  fifteen 
were  recovered  exclusively  above  it  in  the  Hardisty  Creek 
locality.  Of  course,  it  must  be  remembered  that  there  are 
75  to  150  feet  of  unsampled  strata  between  the  majority  of 
samples  from  these  two  localities,  which  may  explain  much  of 
the  difference.  Always  it  should  be  remembered  that  differ¬ 
ences  may  be  more  a  function  of  ecological  rather  than  of 
time  changes,  though  it  takes  time  even  for  ecological 
change . 

In  summary,  the  Entrance  Conglomerate  is  approximately  _ 
equivalent  to  part  of  Member  D  of  the  Edmonton  Formation  - 
the  lowermost  portion  of  Srivastava' s  Zone  VIII.  Since  stra¬ 
ta  3,500  feet  above  the  conglomerate  have  a  Paleocene  as- 
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many  revisions  of  palynomorph  ranges  must  be  expected.  Prob¬ 
ably  it  is  unsafe  to  hazard  a  guess  as  to  which,  if  not  both, 
of  these  species  is  'out  of  place'  and  which  is  a  more  valid 
stratigraphic  indicator. 

Nevertheless,  the  Entrance  Conglomerate  is  of  Cretaceous 
age  and  apparently  not  younger  than  Srivastava's  Wodehousea 
spinata  Zone  (VIII)  of  the  Edmonton  Formation.  A  considera¬ 
tion  of  the  pollen  of  the  Hardisty  Creek  locality  suggests 
that  this  locality  is  probably  equivalent  to  Zone  VIII  it¬ 
self  although  no  Wodehousea  spp.  were  recovered  there. 

Below  the  conglomerate  correlations  are  more  difficult. 
Assuming  that  Manicorpus  senonicus  does  range  into  younger 
sediments  (as  Bihl ' s  data  starts  to  suggest),  then  an  upper 
Middle  Edmonton  correlation  may  be  correct  for  the  lowest 
locality  (EA-68) .  Srivastava  (1968,  p.  80)  observed  that 
" . . .contrary  to  the  report  of  a  marked  break  in  the  fauna  and 
megaflora  at  the  Kneehills  Tuff,....  The  angiosperms  intro¬ 
duced  at  the  base  of  the  Blackmud  Member  continued  through 
the  Kneehills  Tuff".  These  angiosperms  included  Wodehousea 
spinata  which  is  recovered  20  and  75  feet  below  the  Entrance 
Conglomerate.  The  widespread  presence  of  Wodehousea  spinata 
in  latest  Cretaceous  (Lance  and  Hell  Creek  equivalents)  rocks, 
including  those  of  Snead,  argues  for  this  placement  of  the 
Entrance  Conglomerate  at  an  interval  approximately  correlative 
with  Ower's  Member  D.  Ower's  Member  D  is  synonymous  in  part 
to  the  Mauve  Shale  Member  of  Snead,  the  Blackmud  Member  of 
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pect  but  are  not  necessarily  equivalent  to  the  Paskapoo  Form¬ 
ation  of  the  Plains ,  one  could  speculate  that  the  overlying 
strata,  especially  the  lower  1,500  feet  containing  two  size¬ 
able  coal  seams,  are  equivalent  in  age  to  the  Nevis  Member 
(Srivastava,  1968)  of  the  uppermost  Edmonton  Formation.  This 
member  is  characterized  by  coal  seams  such  as  the  Ardley  Seam 
and  was  assigned  an  Upper  Cretaceous-Paleocene  (?)  age  (See 
Figure  5).  Snead  restricts  his  'zone'  B  essentially  to 
this  member.  While  Snead  suggested  that  his  'zone'  B  may 
contain  the  Cretaceous-Tertiary  boundary,  Sternberg  (1949) 
found  dinosaur  remains  up  to  90  feet  above  the  Ardley  Seam. 
Nevertheless,  the  Entrance  Conglomerate  would  be  overlain  by 
equivalents  of  the  mammal-bearing  and  Nevis  Members  of  the 
Upper  Edmonton  division.  But  this  is  speculation.  Possibly 
no  equivalents  to  much  of  the  strata  overlying  the  Entrance 
Conglomerate  may  exist  in  the  Plains,  as  suggested  by  Russell 
(1950)  . 

Comparison  With  Some  Other  Microfloras  Outside  Alberta 

The  reader  is  referred  to  Srivastava  (1967a,  1968)  for 
two  comprehensive  reviews  of  the  literature  of  Upper  Creta¬ 
ceous  palynology  of  the  world.  The  present  problem  is  how¬ 
ever  a  local  problem  within  Western  North  America.  The  type 
localities  of  the  Maestrichtian ,  Danian  and  Montian  Stages 
are  located  in  Western  Europe  within  marine  sediments.  The 
question  concerning  their  North  American  equivalents  is  a 
difficult  one.  The  problem  of  the  placement  of  the  Danian 
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Stage  either  in  the  Cretaceous  or  in  the  Tertiary  System  has 
been  a  recurrent  one.  This  problem  does  not  yet  seem  fully 
resolved.  Particularly,  since  the  manner  in  which  these 
Stages  are  used  seems  to  vary  between  workers  and  the  findings 
of  Hofker  (1962)  show  that  the  type-Danian  in  part  may  be 
equivalent  to  the  upper  part  of  the  type-Maestrichtian .  A 
geographically  more  restricted  approach  is  better  for  this 
thesis  problem. 

Tschudy  (1966,  p.  223)  noted  a  profound  difference 
between  the  Late  Cretaceous  and  Paleocene  floras  of  the 
Mississippi  Embayment  and  the  Rocky  Mountain  regions.  The 
floras  of  the  Mississippi  Embayment  show  greater  similarity 
to  European  pollen  floras  than  to  those  of  the  Northern  Rocky 
Mountains.  These  latter  floras  exhibit  closer  similarities 
to  those  of  Alaska  and  Siberia.  He  suggested  that  this 
floral  dissimilarity  might  be  accounted  for  by  the  separation 
of  the  Rocky  Mountain  province  from  the  Mississippi  Embayment 
during  Late  Cretaceous  time  by  the  great  north-south  trending 
Cretaceous  epeiric  sea.  Thus  Western  North  America  might 
represent  a  Late  Cretaceous  phyto-geographic  province.  This 
province  might  be  even  more  restricted  if  one  considers  that 
such  common  Late  Cretaceous  genera  as  Wodehousea  and 
Aquilapollenites  seem  restricted  to  latitudes  north  of  north¬ 
ern  Colorado  and  Utah  and  to  the  continental  interior  west 
of  the  Cretaceous  epicontinental  sea  (Crickmay  and  Pocock 
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FIGURE  6  —  Uppermost  Cretaceous-Tertiary  palynological  studies 

of  Western  North  America 
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1963 ,  p.  1933;  Stanley  1965,  p.  211;  Srivastava  1968,  p.  72). 
Some  workers  (Rouse  1957,  1962;  Crickmay  and  Pocock  1963) 
feel  that  distance  justifies  expectations  of  major  floral 

differences  in  beds  of  similar  age  thereby  making  correlation 
difficult . 

The  following  list  includes  North  American  workers  who 
studied  palynology  of  Cretaceous/Teritary  boundary  sediments 
and  who  show  at  least  some  species  which  are  very  similar  or 
the  same  as  some  found  in  the  Entrance  area  (the  number  of 
species  in  common  is  listed  in  brackets  after  each  author) : 
Anderson  (1960)  (5)  ,  Stanley  (1961,  1961a,  1965)  (19)  ,  Rouse 

(1962)  (_5 )  ,  Crickmay  and  Pocock  (1963)  (1+?)  ,  Newman  (1964) 

(3+?),  Lef f ingwell  (1966)  (3+?),  Norton  and  Hall  (1967,  1969) 

(17 ) ,  Drugg  (1967)  (9) ,  and  Snead  (1968)  (18_,  in  Alberta) . 

Their  study  areas  are  shown  on  Figure  5  and  the  species  in 
common  are  shown  on  Table  2.  Unfortunately  some  of  this 
information  is  from  abstracts,  short  articles  or  unillustrated 
articles  making  Table  2  a  less  satisfactory  compilation 
than  one  based  on  complete  data  but  still  instructive. 

Some  other  North  American  workers  who  have  published  share 
no  species  in  common  with  the  thesis  area  or  worked  wholly 
above  or  wholly  below  the  boundary.  These  include:  Miner 
(1935,  Montana),  Campbell  (1962  Alberta),  Sloan  (1964, 
Montana),  Rouse  (1967,  central  B.C.),  Funkhouser  (1961, 
Wyoming),  Wilson  and  Webster  (1964,  Montana),  Tabbert  (1966, 
Alaska),  and  Oltz  and  Hall  (1968,  Montana). 


' 


46 


The  distance  of  the  various  areas  studied  (shown  on 
Figure  6)  from  the  Entrance  area  is  considerable.  Even  in 
Alberta,  Snead's  closest  area  (the  R.C.A.  Core  Hole  No.  65-1) 
is  150  miles  to  the  east,  and  Srivastava's  and  Bihl ' s  areas 
are  about  250  miles  from  Entrance.  Outside  of  Alberta,  the 
closest  area  is  that  of  Rouse  (1962)  and  Crickmay  and  Pocock 
in  the  Vancouver  area,  400  miles  distant.  Outside  of  Canada, 
the  closest  area  is  that  of  Norton  and  Hall  at  675  miles  with 
that  of  Stanley  next  closest  at  850  miles. 

Table  2  does  not  list  all  species  common  to  the  Entrance 
area  and  to  areas  outside  Alberta;  rather  it  shows  nineteen 
more  or  less  stratigraphically  restricted  species  which  appear 
to  be  useful  for  correlation  purposes.  Even  though  the  pre¬ 
ceding  section  discussed  in  some  detail  the  correlation 
possible  to  Snead's  and  to  Srivastava's  zonations  in  the 
Alberta  Plains,  species  discussed  in  that  section  and  also 
found  outside  Alberta  are  again  listed  under  the  respective 
worker.  The  palynomorphs  are  shown  by  their  particular  age 
or  zone  under  whomever  of  the  ten  workers  recovered  them. 

They  are  grouped  by  their  position  relative  to  the  Entrance 
Conglomerate.  Thus  a  study  of  Table  2  should  aid  in  a  deter¬ 
mination  of  the  age  of  the  conglomerate. 

The  conclusions  of  the  previous  section  seem  to  be  con-- 
firmed  by  a  comparison  with  palynological  studies  under¬ 
taken  outside  of  Alberta  (see  Table  2) .  Whereas  the  Fish 
Creek  locality  3,500  feet  above  the  Entrance  Conglomerate 
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bears  mostly  Paleocene  fossils,  localities  immediately  above 
and  below  the  Entrance  Conglomerate  bear  fossils  which  else¬ 
where  have  been  found  mainly  in  beds  of  Maestrichtian  age 
equivalent  to  the  Lance  and  Hell  Creek  Formations .  The  upper 
Edmonton  division,  particularly  the  mammal-bearing  member 
which  yields  species  of  Srivastava's  Zone  VIII,  is  correla¬ 
tive  with  the  Lance  Formation  and  equivalents  (Srivastava 
1968,  p.  77),  not  only  on  the  bassis  of  microfloral  similarity 
but  also  on  the  basis  of  a  Triceratops  fauna  (Sternberg  1949) . 

Conclusion 

Based  on  twenty-three  stratigraphically  restricted 
entities  occurring  elsewhere  within  Alberta  and  twelve 
entities  occurring  elsewhere  outside  Alberta,  the  Entrance 
Conglomerate  appears  to  be  Maestrichtian  (latest  Cretaceous) 
in  age  correlating  with  (lower  ?)  Lance  and  Hell  Creek  Form¬ 
ation  equivalents  in  the  United  States  and  with  the  Middle 
and  upper  Edmonton  division  boundary  in  the  central  Alberta 
Plains  (lowermost  part  of  Srivastava's  Zone  VIII).  The  wide¬ 
spread  occurrence  of  certain  charcteristic  species  suggest 
that  the  Entrance  area  during  the  deposition  of  the  conglo¬ 
merate  was  within  a  phyto-geographic  province  bordering  the 
western  and  northern  edge  of  the  last  North  American  epi¬ 
continental  sea.  The  bentonites  immediately  beneath  the 
seventy-foot  sandstone  member  of  the  Brazeau  Formation  under¬ 
lying  the  Entrance  Conglomerate  may  be  stratigraphically 
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equivalent  to  or,  at  least,  contemporaneous  with  the  Knee- 
hills  Tuff.  Other  fossils  found  beneath  the  conglomerate 
in  the  Brazeau  Formation  include  dinosaur  fragments  (Lang 
1947);  Bell  (1949)  indicative  of  a  Lower  Edmonton  division 
age . 

The  restricted  nature  of  the  conglomerate  has  been  noted 
(Lang  1947;  Rutherford  1949)  indicating  that  it  may  be  solely 
a  local  phenomena  and  may  not  represent  basal  sediments  over 
a  major  unconformity.  If  the  conglomerate  is  related  to  a 
more  widespread  unconformity,  then  this  unconformity  might  be 
that  which  cuts  down  into  the  Battle  Formation  in  the  Cypress 
Hills  and  which  Srivastava  (1968)  suggested  might  be  equiva¬ 
lent  to  a  small  unconformity  observed  at  the  base  of  the  Upper 
Edmonton  division  in  the  Red  Deer  River  area  (Srivastava  1965) . 
In  the  Hinton  area,  just  as  in  the  Plains,  sedimentation  was 
very  quickly  resumed  leaving  only  a  minor  hiatus  near  the 
base  of  rocks  bearing  a  Lancian  flora  and  fauna  (Clemens 
and  Russell,  1965). 

The  strata  overlying  the  Entrance  Conglomerate  up  to 
3,500  feet  above  the  conglomerate  (about  the  level  of  the  re¬ 
stricted  High  Divide  conglomerate)  probably  is  a  continuous 
depositional  sequence  containing  the  Cretaceous/Tertiary 
boundary.  The  rocks  at  3,500  feet  might  actually  be  older 
than  the  Paskapoo  Formation  in  the  Plains  but  still  of  Paleo- 
cene  age  as  indicated  by  ten  microfloral  species.  At  this 
level.  Bell  (in  Lang  1947)  identified  six  megafloral  species, 
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three  of  which  indicated  a  Paskapoo  age. 

The  rate  of  deposition  of  post-Kneehills  Tuff  sediments 
in  the  Foothills  is  at  least  three  times  the  rate  in  the 
Plains  just  to  the  east  near  Edson  (Shafiqullah  1963)  .  This 
may  explain  the  great  differences  in  rock  thicknesses  of  the 
Plains  and  Foothills.  The  potentially  diachronous  nature  of 
the  coal  seams  with  seams  younger  in  the  Foothills  (Coalspur 
and  Saunders  Seams)  than  in  the  Plains  (Pembina  and  Ardley 
Seams)  may  explain  some  of  the  inconsistencies  in  ages  of 
supposedly  equivalent  strata.  However,  much  of  the  strata 
above  the  conglomerate  may  have  no  equivalent  in  the  Plains. 
These  problems  are  not  within  the  scope  of  the  thesis  and 
comment  on  them  has  mainly  been  speculative. 

I  believe  it  has  been  shown  that  the  Entrance  Conglom¬ 
erate  does  not  mark  the  Cretaceous/Tertiary  boundary  as 
suggested  by  Bell  (1949),  Lang  (1947)  and  Irish  (1965). 

The  unfortunate  definition  of  lithologic  units  by  age  rather 
than  be  lithology  has  again  left  a  group  of  'un-named  Post- 
Brazeau  beds'  above  the  Brazeau  Formation  as  defined  by  Bell 
(1949)  and  below  the  Paskapoo  Formation  which  Tozer  (1956) 
defined  as  all  Paleocene  age  rocks  in  western  Alberta  north 
of  Township  13.  Perhaps  the  post-Wapiabi  rocks  of  the 
central  Alberta  Foothills  would  best  be  again  named  the 
Foothills  Formation  and  divisions  given  the  status  of  members. 
Certainly  the  formational  units  sometimes  used  in  the  Foot¬ 
hills  are  not  everywhere  mappable  and  good  lithologic  breaks 
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do  not  necessarily  coincide  with  stage  or  system  boundaries 
which  may  have  originated  on  another  continent  in  a  com¬ 
pletely  different  environment. 


CHAPTER  THREE  -  TAXONOMY 


Taxa  used  are  form-species  and  form-genera  since 
Palynomorphs  usually  represent  only  a  small  part  of  the 
complete  plant.  They  have  been  diagnosed  and  circumscribed 
according  to  the  International  Code  of  Botanical  Nomencla¬ 
ture  (Lanjouw  ej:  al_.  1961)  .  Where  possible,  form-genera 
have  been  grouped  under  families  following  the  example  of 
certain  other  workers  (Anderson  1960;  Rouse  1962;  Singh 
1964;  Stanley  1965;  Srivastava  1966,  1968;  Snead  1968). 

The  assignment  of  palynomorph  genera  to  families  indicates 
only  the  similarity  of  the  fossil  pollen  or  spores  to  pollen 
or  spores  of  the  family.  Palynomorphs  so  assigned  are 
more  properly  classified  under  organ-genera. 

The  usual  conventions  of  nomenclature  are  followed. 

The  term  'emend.'  refers  to  the  emendation  of  a  genus 
definition  whereas  the  term  'ex'  refers  to  the  subsequent 
validation  by  designation  of  a  type  species  for  a  genus 
which  was  not  originally  properly  validated  by  a  genus  type 
when  the  genus  was  first  proposed.  The  term  'restr . ' 
refers  to  a  restriction  of  a  genus  definition  to  exclude 
certain  species.  Where  a  name  change  has  taken  place  for 
the  type  species  of  a  genus,  the  original  binomen  is  also 
given  in  brackets.  Use  of  the  terms  'cf.'  and  'aff.' 
follow  the  usual  practice.  Explanation  of  descriptive 
terms  used  in  this  chapter  can  be  found  in  the  Morphologic 
Encyclopedia  of  Palynology  (Kremp,  1965)  . 
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GROUP  ACRITARCHA  Evitt  1963 

SUBGROUP  NETROMORPHITAE  Downie,  Evitt  and  Sarjeant  1963 
?  FAMILY  LEIOFUSIDAE  Eisenack  1938 
FORM  'L' 

Plate  lt  figure  1 

DESCRIPTION:  Outline  naviform  to  columnar;  length  4  to  6 

times  width;  ends  blunt;  wall  psilate,  thin;  body  randomly 
covered  with  tubercles;  tubercles  about  2.4  microns  high, 
height  usually  same  as  breadth;  tubercles  on  both  longi¬ 
tudinal  ends,  more  closely  spaced,  sometimes  forming  a  ring; 
tubercles  baculate  to  clavate  in  shape,  tubercles  lack 
openings . 

SIZE  RANGE:  Length  -  varies  considerably,  about  90  to 
130  microns;  width  -  about  16  to  24  microns.  Over  twenty 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  EZ-69-1  #1-11.5/117.4. 

LOCALITY:  Hardisty  Creek  locality,  below  the  Entrance  Con¬ 

glomerate  (about  3  feet) . 

REMARKS:  This  form  seems  to  fall  within  the  acritarch 

Subgroup  Netromorphitae  of  Downie,  Evitt  and  Sarjeant  (1963) 
and  the  Family  Leiofusidae  Eisenack  1938  as  diagnosed  by 
Combaz,  Lange  and  Pansart  (1967).  The  Netromorphitae  are 
defined  as,  "Acritarchs  having  elongate  to  fusiform  test, 
without  an  inner  body.  Surface  generally  smooth,  rarely 
granular.  One  or  more  spines,  closed  distally,  may  be 
present  at  one  or  both  poles.  Openings  not  observed." 

(Evitt  et  al .  1963, p. 9).  The  Leiofusidae  are  defined  by 
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Combaz  et  al^.  (1967  ,  p.  293)  as,  "Coque  allongee  a  symetrie 
bilaterale  -  par  rappost  a  un  plan  perpendiculaire  median  - 
avec  des  extremites  arrondies,  pointues,  ou  poirvues  d'un 
appendice  simple;  membrane  simple,  lisse  ou  ornamente." 

The  subgroup  Netromorphitae  includes  the  Family  Leiofusidae 
even  though  the  definitions  do  not  quite  agree.  Combaz  et 
al .  (1967)  include  five  fundamental  types  or  "genres"  in 

the  family.  Of  these,  the  Navifusa  type  would  seem  most 
likely  to  accept  this  species  -  it  is  without  appendages 
(elongate  simple  extensions  coming  off  the  longitudinal  ends 
of  certain  genera)  and  has  rounded  extremities.  The  family 
is  supposedly  marine.  The  assignment  of  this  species  to 
this  particular  group  has  been  on  a  morphological  basis 
only.  Acritarchs  themselves  are  an  unnatural  group  based 
simply  on  morphology. 

CLASS  FUNGI  IMPERFECTI 

Genus  Pluricellaespor ites  van  der  Hammen  1954  emend.  Clarke 

1965 

TYPE  SPECIES:  Pluricellaespor ites  typicus  van  der  Hammen  1954. 
Pluricellaespor ites  sp .  cf .  P.  psilatus  Clarke 

Plate  I,  figure  2 

1965  Pluricellaespor ites  psilatus  Clarke;  Mountain  Geologist 
vol .  IT,  p~!  90 ,  pi .  1,  fig.  1-3 

DESCRIPTION:  Multicellular  fungal  spores,  uniseriate; 

individuals  consist  of  a  variable  number  of  cells  (often 

7  cells);  cells  rectangular,  squat;  septa  between  cells 

flat,  'sutures' 
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indented;  thickness  of  wall  or-  septa  about  1  micron;  wall 
psilate . 

SIZE:  Variable;  one  seven  cell  specimen  -  48  microns  long 

by  26  microns  wide;  individual  cells  3  to  8  microns  by  20 
to  26  microns  wide.  Four  specimens  measured. 

ILLUSTRATED  SPECIMEN:  EA-68-4  #5-29.3/120. 

LOCALITY:  Entrance  quarry  road  locality,  below  the  Entrance 

Conglomerate  (about  75  feet) . 

REMARKS:  This  form  appears  to  have  the  same  morphology  as 

the  species  P.  psilatus  Clarke  illustrated  by  Srivastava 
(1968c)  however  the  width  is  somewhat  greater  and  the  indi¬ 
vidual  cells  more  rectangular  and  squat  (about  5  times  as 
wide  as  long)  in  my  form.  Srivastava  notes  that  the  genus 
Pluricellaesporites  has  been  found  by  Wolf  (1966,  1967)  in 
Recent  East  African  lake  sediments. 

FAMILY  SPHAGNACEAE 

Genus  Stereisporites  Pflug  1953 

/ 

1953  (=Sporites  stereoides  Potonie  and  Venitz  1934). 
DIAGNOSIS:  Trilete  microspores;  laesurae  simple,  long,  reach 

ing  the  equatorial  margin  in  some  species;  equatorial  out¬ 
line  triangular  to  subcircular;  exine  smooth. 

Stereisporites  antiquasporites  (Wilson  and  Webster)  Dettmann 

Plate  I,  figure  3 

1946  Sphagnum  antiquasporites  Wilson  and  Webster;  Am.  J. 

Bot.,  Vol .  33,  p.  273,  fig.  2. 
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1959  Sphagnum  punctaeaporites  Rouse;  Micropaleont . ,  vol.  5, 
p.  308,  pi.  1,  fig.  25-28 

1962  Sphagnumsporites  antiquasporites  (Wilson  and  Webster) 
Pocock;  Palaeontographica,  B.  Ill,  Abt.  B,  p.  32, 
pi.  1,  fig.  1-3 

1963  Stereisporites  antiquasporites  (Wilson  and  Webster) 
Dettmann;  Proc .  Roy.  Soc .  Victoria,  vol.  77,  pt.  1, 
p.  25,  pi.  1,  fig.  20-21. 

DESCRIPTION:  Microspores  trilete,  oblately  flattened; 

equatorial  outline  triangular  with  strongly  convex  sides, 
corners  rounded;  laesurae  simple,  from  1/2  to  2/3  of  the 
radius  of  the  spore;  thickened  zone  around  equator;  exine 
smooth . 

SIZE  RANGE:  Equatorial  diameter  17  to  25  microns.  Five 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  EA-68-1  #3-19.5/127. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below  the 

Entrance  Conglomerate  (about  75  feet) .  Hardisty  Creek 
locality,  above  the  Entrance  Conglomerate  (about  15  feet) . 
REMARKS:  The  laesurae  are  usually  open  as  illustrated  in 

Rouse  (1957)  and  Stanley  (1965) .  This  form  is  abundant  in 
sample  EA-68-1. 

Long-ranging  Cretaceous  to  Tertiary. 


FAMILY  LYCOPODIACEAE 

Genus  Lycopodiumsporites  Thiergart  1938 

and  Sprumont  1955 

TYPE  SPECIES:  Lycopodiumsporites  agathoecus 

/ 


ex  Delcourt 
/ 

(Potonie) 


Thiegart  1938  (=Sporites  agathoecus  Potonie  1934). 
DIAGNOSIS:  Trilete;  equatorial  outline  subtriangular ; 
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laesurae  reaching  equator  in  some  species;  distal  surface 
reticulate  with  muri,  muri  high  in  some  specimens;  proximal 
surface  usually  unsculptured. 

Lycopodiumsporites  papillae sporites  (Rouse)  Srivastava 

Plate  I,  figure  4 

1957  Lycopodium  papillaesporites  Rouse;  Can.  J.  Bot.  Vol.  35, 
p.  361,  pi.  3,  fig.  50-53. 

1966  Lycopodiumsporites  papillaesporites  (Rouse)  Srivastava; 
Pollen  et  Spores,  vol.  8,  no.  3,  p.  501,  pi.  II,  fig.  4, 
6-8/ 

DESCRIPTION:  Trilete;  equatorial  outline  subcircular; 

laesurae  extending  to  periphery;  ornamentation  reticulate; 
thin  papillae  extending  from  reticulum,  about  2.5  microns 
long;  thin  membrane  surrounding  spore  joining  the  papillae, 
often  incompletely  preserved. 

SIZE  RANGE:  Equatorial  or  greatest  diameter  36  to  44  microns. 
Ten  specimens  measured. 

ILLUSTRATED  SPECIMEN:  EZ-69-9  #2-33/126.5. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance  Con¬ 

glomerate  (about  75  feet) .  Entrance  quarry  road  locality, 
below  the  Entrance  Conglomerate  (about  75  feet) . 

REMARKS:  Rouse  (1957)  gives  a  size  range  of  39  to  47  microns. 

Srivastava  (1966)  gives  a  range  of  40  to  48  microns.  Both 
are  slightly  larger  than  my  specimens.  As  well,  on  mine  the 
papillae  are  smaller  than  Srivastava ' s  5  microns.  However, 
one  of  Srivastava' s  photographs  shows  a  specimen  with  short 
papillae  much  like  those  of  the  above. 

Long-ranging  Cretaceous.  Oldman  Formation,  Campanian 
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(Rouse ,  1957)  .  Edmonton  Formation,  Maestrichtian  (Sriv- 
astava,  1966)  . 

Lycopodiumsporites  sp.  A 
Plate  I,  figure  5 

DESCRIPTION:  Trilete  microspore;  equatorial  outline 

circular  to  rounded  subtriangular ;  laesurae  extending  to 
periphery,  simple,  distinct  to  indistinct;  proximal  surface 
unormamented ;  distal  surface  ornamented  with  coarse  reticula, 
consisting  of  6  to  12  lumina,  muri  often  do  not  extend  to 
equator,  muri  0.8  to  1.2  microns  wide,  lumina  12  to  18  mic¬ 
rons  wide  faintly  scabrate  surface;  exine  about  1  micron 
thick . 

SIZE  RANGE:  Equatorial  diameter  48  to  58  microns.  Ten 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  EZ-69-9  #1-11/115.1. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance  Con¬ 

glomerate  (about  75  feet) . 

REMARKS:  This  form  is  found  in  large  numbers  in  sample 

EZ-69-9  above  the  Entrance  Conglomerate.  It  is  of  the  same 
size  and  has  the  same  gross  morphology  of  L.  novomexicanum 
(Anderson)  Drugg,  but  this  latter  species  differs  in  having 
slightly  smaller  lumina  and  either  an  irregular  equatorial 
flange  (Anderson,  1960)  or  a  border  of  two  concentric  lay¬ 
ers  of  uncertain  interpretation  (Drugg,  1967). 

FAMILY  CYATHEACEAE  or  DICKSONIACEAE 
Genus  Cyathidites  Couper  1953 


TYPE  SPECIES:  Cyathidites  australis  Couper  1953 
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DIAGNOSIS:  Trilete;  laesurae  simple,  over  2/3  of  the  radius 

of  the  spore;  equatorial  outline  triangular;  apices  broadly 
rounded;  sides  concave;  proximal  face  slightly  convex,  and 
distal  face  markedly  convex;  exine  psilate. 

REMARKS:  Singh  (1964,  p.  70)  distinguished  Cyathidites  from 

Deltoidospora  in  the  following  manner:  "Cyathidites  can  be 
distinguished  from  Deltoidospora  by  its  concave  sides  and 
thin  exine.  Deltoidospora  has  straight  to  slightly  convex 
sides,  and  the  exine  is  about  5  microns  thick." 

Cyathidites  minor  Couper 
Plate  I,  figure  6 

1953  Cyathidites  minor  Couper;  New  Zealand  Geol .  Surv. 
Palaeont.  Bull.  22,  p.  28,  pi.  2,  fig.  13. 

DESCRIPTION:  Trilete  microspores,  equatorial  outline 

triangular,  apices  broadly  rounded,  sides  slightly  concave; 

laesurae  simple,  about  3/4  of  the  radius  of  spore,  often 

gaping;  exine  smooth  and  transparent. 

SIZE  RANGE:  Equatorial  diameter  25  to  40  microns.  Ten 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  ED-69-1  #2-12/115 

LOCALITY:  Occurs  at  all  collecting  localities,  above  and 

below  the  Entrance  Conglomerate. 

REMARKS:  Singh  (1964)  gives  a  size  range  of  25  to  45  mic¬ 

rons  for  the  equatorial  diameter  of  this  species  in  the 
Mannville  Group. 

Jurassic  and  Cretaceous. 


FAMILY  GLEICHENIACEAE 


. 
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Genus  Gleicheniidites  Ross  1949  ex  Delcourt  and  Sprumont  1955 

emend.  Dettmann  1963. 

TYPE  SPECIES:  Gleicheniidites  senonicus  Ross  1949 
DIAGNOSIS:  Trilete  microspores;  amb  triangular,  exine 

smooth  or  almost  smooth,  and  with  exinal  thickenings  (crass¬ 
itudes)  in  each  equatorial,  interradial  region. 

Gleicheniidites  sp.  cf .  G.  senonicus  Ross 
Plate  I,  figure  7 

1949  Gleicheniidites  senonicus  Ross;  Bull,  Geol .  Inst.  Uppsals 
vol .  34,  p.  31  pi.  1,  fig.  3,4. 

DESCRIPTION:  Trilete;  laesurae  simple,  reaching  equator;  amb 

triangular;  apices  sharply  arcuate;  sides  usually  straight  to 
slightly  concave,  proximo-distal  flattening  resulting  in  usu¬ 
ally  3  folds  on  distal  side;  parallel  to  outer  margin  of  spore 
exine  usually  smooth  (faint  pores  barely  visible  on  a  few 
specimens) ,  interadial  crassitudes  poorly  to  well  developed  on 
the  equator . 

SIZE  RANGE:  Equatorial  diameter  20  to  30  microns.  Seven 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  EA-68-1  #2-9.3/118. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below  the 

Entrance  Conglomerate  (about  75  feet).  Fish  Creek  locality, 
above  the  Entrance  Conglomerate  (about  3,500  feet). 

REMARKS:  Ross  (1949)  gives  two  size  groups  with  extreme  sizes 

(equatorial  diameters?)  ranging  from  24  to  39  microns.  The 
concavity  of  the  sides  of  the  above  described  specimens  is  not 
as  extreme  as  in  the  type  and  may  not  be  developed  at  all . 

In  this  respect  they  are  more  like  G.  senonicus  Ross  as 
described  by  Singh  (1964)  from  the  Mannville  Group 


, 
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which  had  a  size  range  of  20  to  38  microns.  My  form  is 
also  quite  similar  to  Gleichenia  concavispor ites  Rouse 
(1957)  but  is  not  as  large  as  the  31  to  40  micron  size 
range.  Singh  (1964)  had  placed  Gleichenia  concavisporites 
Rouse  in  synonymy  under  Gleicheniidites  senonicus .  How¬ 
ever  ,  Srivastava  (1966)  distinguished  the  two  species  in 
this  manner  (p.507): 

Sides  of  G.  concavisporites  in  polar  view  are  less 
concave  with  more  rounded  apices  than  G.  senonicus 
Ross.  Interradial  crassitudes  are  either  around  or 
nearer  to  the  laesurae  in  G.  concavisporites  while 
in  G.  senonicus  the  interradial  exine  thickenings 
are  at  the  equator  (see  Ross  1949,  pi.  1,  fig.  3). 

Thus  my  form  seems  to  share  characters  of  both  these  species 

Jurassic  and  Cretaceous. 


FAMILY  OSMUND AC EAE 

Genus  Baculatisporites  Thomson  and  Pflug  1953 
TYPE  SPECIES:  Baculatisporites  primarius  (Wolff)  Thomson 
and  Pflug  1953.  (=Sporites  primarius  Wolff  1934) . 
DIAGNOSIS:  Trilete;  spherical,  often  distorted  and  folded; 

equatorial  outline  circular  in  undistorted  individuals; 
laesurae  moderately  long;  exine  thin;  sculpture  baculate. 
REMARKS:  Dettmann  (1963)  distinguishes  this  genus  from 

Osmundacidites  Couper  1953  in  having  baculate,  and  not 
granulate,  sculpture. 

/ 

Baculatisporites  cf.  B.  comaumensis  (Cookson)  Pontonie 

Plate  I,  figure  8 

1953  Triletes  comaumensis  Cookson;  Austral.  J.  Bot.,  vol . 


1,  P.  470,  pi.  2,  fig.  27,  28. 
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1956  Baculatisporites  comaumensis  (Cookson)  Potonie;  Beih. 

Geol.  Jahrb.,  Heft  23,  p.  23. 

< 

1957  Osmunda-sporites  elongatus  Rouse,  Can.  J.  Bot.;  vol . 

35,  p.  362,  pi.  Ill,  fig.  57,  58. 

1962  Osmundacidites  wellmanii  Couper,  Pocock  (in  part) ; 

Palaeontographica ,  B.  Ill,  Abt .  B,  p.  35,  pi.  1,  non 
fig.  15. 

1965  Osmunda  comaumensis  (Cookson)  Stanley;  Bull.  Am. 

Paleont , .  vol.  49,  no.  222,  p.  250,  pi.  31,  fig.  6-9. 

DESCRIPTION:  Trilete;  spherical,  often  distorted  to  oval 

or  fusiform  outline;  laesurae  extend  almost  to  equator,  simple, 

sometimes  slightly  open;  exine  thin;  ornamentation  of 

projections  varying  in  form  from  setulae  to  bacula  or 

clavae;  predominantly  baculate,  bacula  have  broader 

polygonal  cross-sections,  about  1.6  to  2.0  microns  high. 

SIZE  RANGE:  Diameter  36  to  48  microns.  Five  specimens 

measured . 

ILLUSTRATED  SPECIMEN:  EZ-69-8  #5-22.2/112 
LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet) .  Entrance  quarry  road  out¬ 
crop  locality,  below  the  Entrance  Conglomerate  (about  75 
feet)  -  rarer. 

REMARKS:  Projection  variability  from  setulae  to  clavae  is 

a  character  of  B.  comaumensis  (Cookson)  Potonie  although 
the  baculate  type  is  said  to  predominate.  Osmunda-sporites 
elongatus  Rouse  1957  may  be  encompassed  by  the  definition 
of  B.  comaumensis  though  the  ornamentation  was  said  to  be 
setaceous.  Pocock  (1962)  Had  included  O.  elongatus  Rouse 
with  B.  comaumensis  in  synonymy  under  Osmundacidites 
Wellmanii  Couper  1953,  but  Dettmann  (1963)  had  distinguished 
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at  least  two  species  and  genera  within  Pocock ' s  broad 
definition.  Rouse  had  stated  that  the  individual  setae  were 
thicker  and  longer  than  those  of  Osmunda-spor ites  primarius 
Wolff  which  was  the  same  criteria  mentioned  by  Dettmann 
in  distinguishing  B.  comaumensis  from  B.  primarius  (Wolff) , 
the  latter  having  smaller  bacula.  Note  that  Rouse  used 
the  term  setae  rather  than  bacula  in  referring  to  the 
ornamentation  of  B.  primarius .  Rouse  gave  a  size  range 
of  55  to  59  microns  but  noted  that  0.  elongatus  is  iden¬ 
tical  to  forms  of  the  Brazeau  Formation  which  in  turn 
were  probably  the  same  species  as  the  smaller  and 
forms  so  that  the  size  range  of  his  species  probably  has  a 
much  smaller  minimum  diameter. 

Genus  Osmundacidites  Couper  1953 
TYPE  SPECIES:  Osmundacidites  wellmanii  Couper  1953. 
DIAGNOSIS:  Trilete;  spherical  to  subspherical ,  sometimes 

distorted;  laesurae  moderately  long;  exine  thin;  sculpture 
predominantly  granular ,  papillate,  somewhat  reduced  on 
proximal  face. 

Osmundacidites  cf .  0.  wellmanii  Couper 
Plate  I,  figure  9 

1953  Osmundacidites  wellmanii  Couper;  New  Zealand  Geol.  Surv 
Paleont .  Bull.  22,  p.  20,  pi.  1,  fig.  5. 

DESCRIPTION:  Trilete;  spherical,  but  outline  often  dis¬ 

torted;  laesurae  simple,  sometimes  bordered  by  very  narrow 
margin  lacking  ornamentation;  exine  thin;  ornamentation 
granulate  to  papillae  predominating,  about  1  to  1.5  mic- 
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rons  long. 

SIZE  RANGE:  Diameter;  30  to  57  microns.  Ten  specimens 
measured . 

ILLUSTRATED  SPECIMEN:  EA-68-1  #3-24/118. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet) .  Hardisty  Creek 
locality,  above  the  Entrance  Conglomerate  (about  75  feet)  - 
rarer . 

REMARKS:  This  form  is  somewhat  like  the  preceding  species 

but  has  distinct  ornamentation  like  that  described  by 

Couper  (1953)  for  Osmundacidites  wellmanii  -  granulate  to 

papillate.  Pocock  (1962)  had  included  Baculatisporites 

/ 

comaumensis  (Cookson)  Potonie  1956  within  this  species  and 
genus  because  of  their  similarity. 

Long-ranging  Cretaceous  to  Tertiary. 

FAMILY  POLYPOD I ACEAE 

Genus  Polypod iisporites  Potonie  1934 

TYPE  SPECIES:  Polypodiispor ites  f avus  (Potonie)  Potonie 

/ 

1934  (=Polypodii  (?)  -  sporonites  f avus  Potonie  1931) 
DIAGNOSIS:  Microspores  monolete,  almost  kidney  shaped; 

flat  polygonal  verrucose  structures  on  the  surface  of  the 
exine ,  sometimes  regularly  so  close  that  give  a  look  of 
negative  reticulate  surface,  verrucae  may  be  flat  or  slight 
ly  bulged. 

t  * 

Polypod iisporites  favus  (Potonie)  Potonie 

Plate  I,  figure  10 

/  .  .  / 

1933  Polypodiispor ites  favus  Potonie  m  Potonie  and 


■ 


65 


Gelletich;  s . -B  Ges,  Naturf.  Fr .  Berl.,  vol .  33, 
p.  524,  pi.  2,  fig.  18. 

DESCRIPTION:  Monolete  microspores,  meridional  outline 

kidney-shaped,  more  or  less  plano-convex;  monolete  scar  on 
proximal  plane  surface  equal  in  length  to  this  plane 
surface;  ornamentation  verrucose,  verrucae  very  closely 
spaced  and  sometimes  not  well  separated,  giving  a  negative 
reticulate  pattern  in  different  foci. 

SIZE  RANGE:  41  to  53  microns  by  27  to  40  microns.  Five 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  EA-68-3  #1-7.6/125.8. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below  the 

Entrance  Conglomerate  (about  75  feet) . 

REMARKS:  Rouse  (1957,  p.  364)  mentions  that  a  size  range 

of  30  to  55  microns  is  established  for  P.  f avus  which  thus 
encompasses  my  specimens.  In  Late  Cretaceous  beds  of 
Alberta,  this  species  has  been  recovered  from  the  Oldman 
(Rouse,  1957)  and  the  Edmonton  (Srivastava,  1966) 

Formations . 


Polypod iisporites  sp . 

Plate  I,  figure  11 

DESCRIPTION:  Monolete  microspore;  meridional  outline  bean¬ 

shaped,  proximal  surface  straight;  nature  of  monolete  scar 
uncertain  since  only  seen  in  lateral  view;  ornamentation 
of  flat  to  slightly  arched  verrucae;  verrucae  on  distal 
surface  large  2  to  5  microns  in  diameter  and  1  to  2  microns 
high,  irregular  in  outline  with  angular  to  rounded  margins; 
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verrucae  on  proximal  surface  absent  or  weakly  developed. 
SIZE:  42  microns  by  15  microns. 

ILLUSTRATED  SPECIMEN:  ED-69-1  #4-14/115.2 
LOCALITY:  Fish  Creek  (near  Bell's  1945  collecting  site) 

locality ,  above  the  Entrance  Conglomerate  (about  3,500 
feet) . 

REMARKS:  A  single  specimen  was  found  identical  to  the 

forms  recovered  by  Snead  (1968)  from  his  'zone'  A  of  the 
Edmonton  Formation. 


FAMILY  SALVINIACEAE 

Genus  Balmeisporites  Cookson  and  Dettmann  1958 
TYPE  SPECIES:  Balmeisporites  holodictyus  Cookson  and 
Dettmann  1958. 

DIAGNOSIS:  'Megaspore '  of  75  to  135  micron  diameter; 
body  spherical;  three  equidistant  reticulate  equatorial 
outgrowths  of  the  exoexine;  a  more  prominent  neck  at  the 
proximal  pole  composed  of  three  united  leaf-like  segments 
surrounding  the  tetrad  scar. 

REMARKS:  Possesses  many  features  in  common  with  Arcellites . 

However  the  neck  structure  is  composed  of  only  three  seg¬ 
ments  not  six  segments  as  in  Arcellites  Miner  (1935) 
emend.  Ellis  and  Tschudy  (1964)  (junior  synonym 
Pyrobolospora  Hughes,  1955)  . 

? Balmeisporites  sp.  C 
Plate  II,  figure  1 

1968  Balmeisporites  sp.  C.  Snead  (ms) 
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DESCRIPTION:  Exospore  three  layered;  inner  layer  smooth 

to  faintly  scabrate  and  2  to  4  microns  thick;  central 
layer  with  reticulate  pattern,  muri  smooth,  contorted, 
curved,  about  12  microns  thick  and  2  to  3  microns  wide 
forming  irregularly-shaped  lumina,  lumina  5  to  15  microns  wide; 
outer  layer  ornamented  by  a  broad  reticulate  pattern  with  large 
lumina  20  to  30  microns  in  diameter  and  (?)  30  microns  thick, 
formed  by  similarly  contorted  muri. 

SIZE:  Size  of  fragment  180  by  200  microns. 

ILLUSTRATED  SPECIMEN:  EA-68-3  #1-36.3/109. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet) . 

REMARKS:  Unfortunately  only  a  single  fragmented  specimen 

was  recovered.  The  fragment  does  not  show  the  outline  but 
the  diameter  is  at  least  greater  than  170  microns  and 
spherical.  From  2/4  specimens  Snead  finds  the  size  to  be 
240  to  260  microns  long  by  180-200  microns  in  body  diameter. 
Nevertheless  the  complex  ornamentation  seems  to  be  the 
same  as  described  by  Snead  (1968) . 

Snead's  'zone'  A,  Edmonton  Formation. 

Balmeispori tes  sp .  D 
Plate  II,  figure  2 

DESCRIPTION:  Trilete  spore;  spore  body  circular  in  out¬ 

line,  with  coarsely  reticulate  surface;  neck  composed  of 
three  segments,  faintly  granular  forming  imperfect  fine 
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reticulum,  length  slightly  less  than  body  diameter,  at 
neck-body  juncture  body  reticulations  parallel  juncture 
with  lumina  elongate  4  to  24  microns,  about  3  in  number; 
exospore  two  layered;  inner  layer  smooth  about  2  microns 
thick;  outer  layer  very  finely  pitted,  about  20  microns 
thick,  ornamented  with  coarse  reticulum;  lumina  polygonal, 

3  to  5  sided,  20  to  30  microns  in  greatest  diameter;  muri 
1  to  3  microns  wide,  sometimes  incompletely  developed;  ribs 
developed  off  muri,  not  extending  greatly  beyond  border 
of  outer  layer;  apparently  three  (?)  small  equatorial 
extensions  formed  by  the  outer  exospore  layer,  25  microns 
wide . 

SIZE  RANGE:  Diameter  of  megaspore  body  120  to  125  mic¬ 
rons  (2  specimens) .  Total  length  of  megaspore  of  210 
microns  (1  specimen) 

ILLUSTRATED  SPECIMEN:  EZ-69-9  #1-42.2/116.5 
LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet). 

REMARKS:  Like  the  type  species  of  the  genus  Balmeisporites , 

this  form,  when  the  neck  is  not  preserved  or  shown,  is 
under  the  arbitrary  megaspore  size  of  200  microns.  It 
may  or  may  not  be  significant  that  microspores  are  in¬ 
variably  caught  up  in  the  outer  layer  of  the  exposure  or 
its  appendages  demonstrating,  perhaps,  the  megaspore 
functional  affinity  of  these  specimens. 

Snead  (1968)  observed  that  Balmeisporites  had  not 
been  found  in  rocks  younger  than  latest  Cretaceous. 


■ 

- 


69 


FAMILY  SCHIZAECEAE 

Genus  Cicatricosisporites  Potonie  and  Gelletich  1933. 
TYPE  SPECIES:  Cicatricosisporites  dorogensis  Potonie 
and  Gelletich  1933. 

DIAGNOSIS:  Trilete;  exine  two  layered  and  sculptured 

with  muri  or  ridges  of  uniform  width  and  height;  canali¬ 
culate  to  cicatricose;  muri  more  or  less  parallel  to  the 
equator;  equatorial  outline  regularly  crenate,  with  no 
tendency  to  thicken  at  the  apices. 

Cicatricosisporites  cf.  C.  striatus  Rouse 
Plate  I,  figure  12 

1962  Cicatricosisporites  striatus  Rouse;  Micropaleont . , 
vol .  8,  no.  2,  p.  197,  pi.  4,  fig.  1-2. 

DESCRIPTION:  Trilete;  equatorial  outline  rounded  triangu¬ 

lar,  with  straight  to  slightly  convex  sides;  laesurae 
reaching  or  almost  reaching  equator,  enclosed  in  lips  or 
border;  ornamentation  of  ribs  on  distal  surface  and  in  3 
series  on  proximal  surface;  proximal  ribs  parallel  them¬ 
selves  and  interradial  sides  of  amb  to  merge  with  laesurae 
border,  about  3  in  number;  distal  ribs  parallel  them¬ 
selves  but  run  obliquely  to  the  interradial  sides  of  amb, 
occasionally  branching,  about  3  to  5  microns  wide,  about 
8  in  number . 

SIZE  RANGE:  Equatorial  diameter  or  greatest  dimension 
48  to  64  microns.  Fifteen  specimens  measured. 

ILLUSTRATED  SPECIMEN:  EA-68-4  #1-21/129.1 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet).  Hardisty 
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Creek  locality,  above  the  Entrance  Conglomerate  (0  to  about 
75  feet) . 

REMARKS:  This  species  differs  from  C.  dorogensis  in 

being  slightly  smaller  and  having  fewer  but  coarser  ribs 
with  a  somewhat  different  orientation.  Although  the  above 
described  form  is  slightly  larger  than  C.  striatus  (43  to 
48  microns)  it  resembles  this  species  exactly  in  the  orien¬ 
tation  of  the  proximal  and  distal  ribs  and  apparently  in 
number  of  ribs  and  size  as  discerned  from  Rouse's  illustra¬ 
tions  . 

C.  striatus  was  found  at  Brother's  Creek  in  the 
Burrard  Formation  which  apparently  was  Upper  Cretaceous  not 
Eocene  in  age  as  was  the  remainder  of  formation  studied 
(Rouse  1962)  . 


Cicatricosisporites  sp. 

Plate  I,  figure  13 

DESCRIPTION:  Trilete;  equatorial  outline  rounded  triangu¬ 

lar,  with  straight  to  slightly  convex  sides;  laesurae 
reaching  or  almost  reaching  the  equator,  enclosed  in  some¬ 
times  undulating  lips  or  border;  ornamentation  of  ribs  on 
distal  surface  and  in  3  series  on  proximal  surface;  proximal 
ribs  parallel  themselves  and  the  interradial  sides  of  amb 
and  merge  with  laesurae  border,  about  4  in  number;  distal 
ribs  oblique  to  interradial  sides  of  amb,  occasionally 
branching,  about  2.5  microns  wide,  about  12  in  number. 

SIZE  RANGE:  Equatorial  diameter  or  greatest  dimension 
58  to  72  microns.  Seven  specimens  measured. 
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ILLUSTRATED  SPECIMEN:  EA-68-1  #3-16/110.2. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet) .  Hardisty 
Creek  locality,  above  the  Entrance  Conglomerate  (Ofeet 
to  about  75  feet) . 

REMARKS:  Although  the  size  and  number  of  ribs  is  similar 

to  that  of  C.  dorogensis ,  their  orientation  is  fundamen¬ 
tally  different  from  that  shown  by  Potonie  and  Gelletich 
(1933)  for  the  type.  The  above  described  form  is  not 
radially  symmetrical  as  is  the  somewhat  similar  C. 
austra liens is  (Cookson)  Potonie,  since  the  distal  ribs  or 
muri  form  a  single  series  of  parallel  muri  which  are 
oblique  to  the  interradial  sides  of  the  amb.  This  form 
is  distinguished  from  the  preceding  form  by  the  former's 
finer  and  more  numerous  ribbing. 

PTERIDOPHYTA  -  INCERTAE  SEDIS 
Genus  Deltoidospora  Miner  1935  emend.  Potonie  1956 
TYPE  SPECIES:  Deltoidospora  hallii  Miner  1935 
DIAGNOSIS:  Trilete;  equatorial  outline  triangular,  apices 

more  or  less  rounded;  laesurae  simple  and  over  2/3  radius 
of  the  spore;  sides  mostly  straight  but  may  be  slightly 
concave  to  convex;  exine  smooth. 

REMARKS:  Singh  (1964,  p.  80)  distinguishes  this  genus 

from  Cyathidites  Couper  1953  "by  its  very  thick  exine 
(about  5  microns)  and  its  deltoid  shape  with  usually 
straight  to  slightly  convex  sides.  Cyathidites  has  a 
thin  exine  and  concave  sides". 
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Deltoidospora  diaphana  Wilson  and  Webster 
Plate  II,  figure  8 

1949  Deltoidospora  diaphana  Wilson  and  Webster;  Am.  J.  Bot. , 
vol.  33,  p.  273,  fig.  3. 

1965  Cardioangulina  diaphana  (Wilson  and  Webster)  Stanley; 
Bull.  Am.  Paleont . ,  vol.  49,  no.  222,  p.  248,  pi.  30, 
fig.  17-21. 

DESCRIPTION:  Trilete;  spores  subtriangular  to  deltoid  in 

equatorial  outline;  laesurae  often  gaping,  laesurae  about 
2/3  spore  radius;  apices  broadly  rounded,  sides  slightly 
concave  to  convex;  exine  smooth,  translucent. 

SIZE  RANGE:  Equatorial  diameter  about  44  microns.  Five 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  EA-68-3  #6-12/124.2. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet) .  Hardisty 
Creek  locality,  above  the  Entrance  Conglomerate  (about  75 
feet) .  Fish  Creek  locality,  above  the  Entrance  Conglom¬ 
erate  (about  3,500  feet). 

REMARKS:  Deltoidospora  psilotoma  Rouse  figured  by  Singh 

(1964)  is  quite  similar  and  my  specimens  fall  within  the 
40-60  micron  size  range  given  there.  However,  the  size 
range  given  for  the  type  is  greater  than  that  of  my  speci¬ 
mens  -  50  to  70  microns.  In  the  type  description  of 
D.  diaphana ,  the  size  range  is  given  as  42-46  microns. 
Stanley  (1965)  felt  he  must  change  the  generic  designation 
of  the  species  because  of  the  slight  concavity  of  the 
sides.  He  also  emended  the  species  by  giving  it  a  smaller 
size  range  of  25  to  40  microns  to  include  his  forms.  Rouse 
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(1959)  included  in  this  species,  forms  having  a  size 
range  of  40  to  60  microns.  My  specimens  were  gaping  which, 
though  not  shown  in  the  type  illustration,  occurs  in 
specimens  assigned  to  this  species  by  other  workers. 

Long-ranging  Cretaceous  to  Tertiary.  Fort  Union 
Formation,  Paleocene  (Wilson  and  Webster  1946;  Stanley 
3965).  Kootenay  Formation,  Lower  Cretaceous  (Rouse  1959). 

Genus  Laevigatosporites  Ibrahim  1933  emend.  Schopf, 

Wilson  and  Bentall  1944 

TYPE  SPECIES:  Laevigatosporites  vulgaris  (Ibrahim) 

Ibrahim  1933  (=Sporonites  vulgaris  Ibrahim  1932) . 

DIAGNOSIS:  Monolete;  outline  smooth;  laevigate  to  infra- 

punctate;  equatorial  outline  ovoid;  meridional  outline 
bean-sJiaped ,  exine  without  sculpture;  monolete  mark 
straight . 

Laevigatosporites  ovatus  Wilson  and  Webster  1946 

Plate  II,  figure  6 

1946  Laevigatosporites  ovatus  Wilson  and  Webster;  Am.  J. 

Bot . ,  vol.  33,  p.  273,  fig.  5. 

DESCRIPTION:  Monolete;  equatorial  outline  ovoid,  meridional 

outline  kidney-shaped;  proximal  side  straight  to  slightly 
convex;  monolete  mark  distinct,  commonly  gaping,  about 
1/2  of  maximimal  spore  diameter;  exine  psilate. 

SIZE  RANGE:  Maximum  diameter  28  to  40  microns.  Ten 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  EA-68-1  #3-14/118.6. 


. 
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LOCALITY:  Common  to  all  collecting  localities  above  and 

below  the  Entrance  Conglomerate. 

REMARKS:  Stanley  (1965)  distinguishes  this  species  from 

L.  haardti  by  its  different  outline  and  lack  of  thickening 
in  the  proximal  polar  area.  He  notes  that  preservation 
conditions  or  orientation  of  the  grain  make  it  difficult 
to  distinguish  the  two.  He  gives  a  size  range  for  the 
species  much  larger  than  that  assigned  to  the  type  by 
Wilson  and  Webster.  Stanley's  size  range  is  30  to  90  mic¬ 
rons;  Wilson's  and  Webster's  size  range  is  33  to  39  microns. 
Some  of  the  thesis  forms  are  under  the  smaller  size  limit 
given  by  these  workers. 

Long-ranging  Cretaceous  and  Tertiary. 

/ 

Laevigatosporites  haardti  (Potonie  and  Venitz)  Thomson  and 

pflug 

Plate  II,  figure  7 
/ 

1934  Sporites  haardti  Potonie  and  Venitz;  Arb.  Inst. 
Palaeobot.,  vol .  5,  p.  13,  pi.  1,  fig.  13. 

1946  Laevigatosporites  gracilis  Wilson  and  Webster  1946 
Am.  JT  Bot . ,  vol .  33,  p.  273,  fig.  4. 

1953  Laevigatosporites  haardti  (Pot.  and  Ven.)  Thomson 

and  Pflug;  Palaeontographica ,  vol.  94,  p6,  B,  p.  59, 
pi.  3,  fig.  27-38 

DESCRIPTION:  Monolete;  meridional  outline  kidney-shaped 

with  concave  proximal  surface;  monolete  mark  on  proximal 
concave  side;  distinct  to  faint,  about  2/3  total  length; 
exine  psilate  (in  some  slightly  thickened  about  the  monolete 
mark  as  mentioned  in  Stanley  1965) . 

SIZE  RANGE:  Major  diameter  25  to  50  microns.  Ten  speci- 


. 
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mens  measured. 

ILLUSTRATED  SPECIMEN:  EA-68-1  #3-12.5/27 
LOCALITY:  Occurs  at  all  sample  localities. 

REMARKS:  Stanley  (1965)  includes  L.  gracilis  within  L. 

haardti  and  gives  a  size  range  of  25  to  75  microns  for 
these  reniform  psilate  spores.  This  is  much  greater  than 
defined  for  L.  gracilis  but  includes  this  species  size 
range.  Probably  this  wide  definition  is  the  best  way  to 
handle  this  simple  ubiquitous  spore. 

Genus  Leptolepidites  Couper  1953 
TYPE  SPECIES:  Leptolepidites  verrucatus  Couper  1953 
DIAGNOSIS:  Trilete  spores;  equatorial  outline  subtriangular 

to  subcircular;  trilete  mark  distinct  to  indistinct, 
laesurae  length  3/4  to  full  spore  radius,  exine  verrucate; 
wall  thickness  moderate  to  thick. 

Leptolepidites  cf .  L.  tenuis  Stanley 
Plate  II,  figure  9 

1965  Leptolepidites  tenuis  Stanley;  Bull.  Am.  Paleont., 
vol .  49,  no.  222,  p.  255,  pi.  32,  fig.  7-11 

DESCRIPTION:  Trilete;  equatorial  outline  subcircular; 

laesurae  distinct,  about  3/4  of  the  length  of  spore  radius; 

exine  about  3  microns  thick,  ornamented  distally  with 

verrucae,  2.4  to  4  microns  in  diameter  and  about  2.6  microns 

thick;  verrucae  not  developed  on  proximal  surface  within 

area  defined  by  trilete  mark. 

SIZE:  Diameter  36  microns. 

ILLUSTRATED  SPECIMEN:  EZ-69-9  #6-8.2/129. 


, 


76 


LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet) . 

REMARKS:  Only  one  identifiable  specimen  recovered.  This 

specimen  has  somewhat  smaller  verrucae  than  those  de¬ 
scribed  by  Stanley  (1965)  for  the  type  -  5  microns.  Snead 
(1968)  gives  a  diameter  of  3  to  5  microns  for  verrucae  of 
his  specimens. 

Hell  Creek  Formation,  Maestrichtian  (Stanley,  1965) . 
Snead's  'zone'  A,  Edmonton  Formation  (1968).  Moreno 
Formation,  Maestrichtian-Danian  (Drugg,  1968). 

Genus  Schizosporis  Cookson  and  Dettmann  1959 
TYPE  SPECIES:  Schizosporis  reticulatus  Cookson  and 
Dettmann  1959. 

DIAGNOSIS:  Microspores  medium  to  large,  with  an  equatorial 

line  or  furrow  along  which  a  separation  into  two  approxi¬ 
mately  equal  parts  takes  place. 

Schizosporis  complexus  Stanley 
Plate  II,  figures  10.1,  10.2 

1965  Schizosporis  complexus  Stanley;  Bull.  Am.  Paleont. , 
vol.  3,  no.  222,  pi.  36,  fig.  7-17 

DESCRIPTION:  Furrow  along  which  spore  is  split;  shape 

spherical;  nexine  about  2.4  to  3  microns  wide,  muri  dupli- 

baculate;  fissure  present,  lumina  become  smaller  towards 

fissure . 

SIZE:  Diameter  36  microns. 

ILLUSTRATED  SPECIMEN:  EZ-69-9  #3-36/116.7. 


. 
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LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet) . 

REMARKS:  Only  a  single  specimen  was  found.  It  is  iden¬ 

tical  with  S.  complexus  Stanley  (1965)  which  has  a  size 
range  of  36  to  60  microns.  Stanley  does  not  mention  the 
decrease  in  lumina  size  towards  the  fissure  though  this  is 
obvious  from  his  photos  and  he  refers  to  the  spores  as 
inaperturate  but  invariably  split.  He  distinguishes  the 
species  from  Schizosporis  reticulatus  Cookson  and  Dett- 
mann  by  the  former's  smaller  size  and  complicated  dup- 
libaculate  muri.  Stanley's  assignment  of  this  species  to 
the  genus  Schizosporis  could  be  incorrect. 

Hell  Creek  Formation,  Maestrichtian  (Stanley,  1965; 
Norton  and  Hall,  1967)  .  Snead's  'zone'  A  of  the  Edmonton 
Formation,  Maestrichtian  (Snead,  1968). 

ORDER  CYCADALES  OR  BENNETTITALES 
Genus  Cycadopites  Wodehouse  1933  ex  Wilson  and  Webster  1946 
TYPE  SPECIES:  Cycadopites  f ollicularis  Wilson  and  Webster 
1946  . 

DIAGNOSIS:  Monosulcate  pollen  grains  of  more  or  less 

spindle-form  shape;  sulcus  extending  the  total  length  of 
grain  and  broadening  at  the  longitudinal  ends;  sulcus 
usually  closed  in  the  middle  by  furrow  edges  over-lapping 
in  shrinkage. 

Cycadopites  cf.  C.  f ollicularis  Wilson  and  Webster 


Plate  II,  figure  3 
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1946  Cycadopites  follicularis  Wilson  and  Webster;  Am.  J. 
Bot.,  vol .  33,  p.  274,  fig.  7. 

DESCRIPTION:  Monosulcate;  approximately  twice  as  long  as 

wide;  sulcus  runs  whole  length  of  grain,  overlapping  in 
middle  and  broadening  at  longitudinal  ends;  outline  fusi¬ 
form;  exine  smooth. 

SIZE:  27  to  29  by  15  to  17  microns.  Three  specimens 

measured . 

ILLUSTRATED  SPECIMEN:  EA-68-4  #2-7.5-125.1. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below  the 

Entrance  Conglomerate  (about  3,500  feet). 

REMARKS:  Wilson  and  Webster  (1946)  give  a  size  range  of 

39  to  42  microns  for  the  type.  My  specimens  were  con¬ 
siderably  smaller  as  were  Srivastava's  (1965,  M.  Sc. 
thesis)  with  a  size  range  of  26  to  32  microns. 

Ft.  Union  Formation,  Paleocene  (Wilson  and  Webster 
1946) .  Edmonton  Formation,  Maestrichtian  (Srivastava 
1966),  Green  River  Formation,  Eocene  (Wodehouse  1933). 

FAMILY  TAXODIACEAE 

Genus  Taxodiaceaepollenites  Kremp  1949 

/ 

TYPE  SPECIES:  Taxodiaceaepollenites  hiatus  (Potonie) 

Kremp  1949  (=Pollenites  hiatus  Potonie  1931) . 

DIAGNOSIS:  Pollen  grains  rounded;  generally  split  into 

two  halves  and  remain  attached  at  one  end. 

I 

Taxodiaceaepollenites  hiatus  (Potonie)  Kremp 


Plate  II,  figure  5 
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1931  Pollenites  hiatus  Potonie;  Jahrb.  Preuss.  Geol .  L . A . 
(Berlin),  vol.  152,  p.  5,  fig.  27. 

1933  Taxodium  hiatipites  Wodehouse;  Bull.  Torrey  Bot.  Club, 
vol.  60,  p.  493,  fig.  19. 

1949  Taxodiaceaepollenites  hiatus  (Potonie)  Kremp;  Palaeon- 
tographica,  B.  90,  Abt .  B,  p.  59. 

/ 

1965  Thuja?  hiatus  (Potonie)  Stanley;  Bull.  Am.  Palent., 
vol.  49,  no.  222,  p.  273,  pi.  38,  fig.  1-3. 

1969  Taxodiaceaepollenites  hiatus  (Potonie)  Kremp;  Snead 
(in  Press) . 

DESCRIPTION:  Pollen  spherical  to  subspher ical ;  split  into 

two  halves,  but  remaining  attached  at  one  end;  exine  thin 
and  (punctate?)  scabrate  to  granulate  ("flecks"  as  in 
Wodehouse  1933) 

SIZE  RANGE:  Diameter  20  to  39  microns.  Fifteen  specimens 
measured . 

ILLUSTRATED  SPECIMEN:  ED-69-1  #4-12/127.8. 

LOCALITY:  Occurs  in  all  sample  localities. 

REMARKS:  In  the  synonymy  given  by  Stanley  (1965), 

Taxodium  hiatipites  Wodehouse  1933  and  Pollenites  hiatus 

/ 

Potonie  1931  are  included  in  the  single  species  -  Thuja? 

y 

hiatus  (Potonie)  Stanley.  Srivastava  (1966)  had  included 

/ 

Stanley's  species  in  Taxodiaceapollenites  hiatus  (Potonie) 
Kremp.  Stanley  (1965)  gives  a  size  range  to  25  to  31  mic¬ 
rons.  Wodehouse  (1933)  gives  a  size  range  of  17  to  31  mic- 

i 

rons.  Potonie  (1931)  gives  a  size  of  36  microns  for  his 
species.  They  all  have  similar,  simple  morphology. 
Long-ranging  Cretaceous-Tertiary . 


FAMILY  EPHEDRACEAE 

Genus  Equisetosporites  Daugherty  1941  emend.  Singh  1964 
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TYPE  SPECIES:  Equisetospor ites  chinleana  Daugherty  1941. 

DIAGNOSIS:  Acolpate  pollen  grans;  ellipsoid;  in  some 

species  narrow  at  one  end;  exine  two-layered;  smooth 
endexine  overlain  by  ektexine;  ektexinous  ridges 
unbranched,  straight,  2  to  12  microns  wide  in  the 
middle,  narrowing  at  longitudinal  ends,  low  gently 
rounded,  running  longitudinally,  8  to  25  in  number; 
in  a  vertical  section  along  the  width  the  ridges 
semi-circular  in  outline  rather  than  angular,  narrow 
furrows  flanking  the  ridges  abruptly,  1  to  3.5 
microns  wide,  unbranched,  straight;  criss-cross 
appearance  of  the  ridges  commonly  produced  by  the 
twisting  of  the  grains  during  f ossilization  -  not 
a  reliable  specific  character;  ridges  mostly 
coalescing  just  before  reaching  the  longitudinal 
ends,  the  furrows  thus  not  reaching  the  margin, 
resulting  in  simple  unsculptured  area  at  longi¬ 
tudinal  ends;  four  distinct  areas  of  convergence 
of  ridges  present  in  some  species,  two  such  areas 
of  convergence  near  each  longitudinal  end  being 
opposite  to  subopposite,  1  to  3  marginal  ridges 
joining  at  the  longitudianl  ends  and  being  con¬ 
tinuous  on  the  other  side  on  some  species. 

(Singh  1964,  p.  129). 

Equisetospor ites  sp.  aff.  E.  la jwantis  Srivastava 

Plate  II,  figure  4 

1968  Equisetospor ites  la jwantis  Srivastava;  Can.  J.  Earth 
Sci . ,  vol .  5~,  no.  2,  p.  217,  pi.  1,  figs.  10,  11. 

DESCRIPTION:  Acolpate  pollen  grain;  prolate;  pollen  about 

same  width  throughout;  exine  layering  not  seen;  exine 

ridges  unbranched,  straight,  about  1.6  microns  wide  in 

middle,  low,  gently  rounded,  running  slightly  obliquely 

to  longitudinal  direction,  about  11  in  number;  furrows 

narrow,  about  0.4  microns  wide,  unbranched;  ridges  do  not 

coalesce,  continue  on  the  other  side  of  the  pollen  grain; 

only  at  longitudinal  ends  do  twisted  loops  of  ridges  appear 

close  to  each  other  separated  by  narrow  furrows. 

SIZE:  12  microns  by  42  microns. 
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ILLUSTRATED  SPECIMEN:  EZ-69-8  #5-11/115.1. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet). 

REMARKS:  Only  a  single  specimen  was  found.  This  specimen 

is  somewhat  similar  to  Equisetosporites  la jwantis  Srivastava 
(1968a)  from  the  middle  part  of  the  Edmonton  Formation  in 
its  overall  size  and  the  arrangement  of  rib  ornament.  It 
differs  in  having  thinner  ridges  (1.6  microns  versus  2.5- 
3.0  microns)  and  a  greater  number  of  ridges  (11  versus  8) 
than  E.  la jwantis . 

FAMILY  LILIACEAE 
Genus  Liliacidites  Couper  1953 
TYPE  SPECIES:  Liliacidites  kaitangataensis  Couper  1953. 
DIAGNOSIS:  Free,  anisopolar,  bilateral  monosulcate, 

occasionally  trichotomosulcate ,  sulcus  long,  broad,  pollen 
usually  elongate.  Exine  clearly  reticulate,  lumen  of 
reticulation  variable  in  size,  clavate,  baculate  in  op¬ 
tical  section. 

REMARKS:  The  genus  Liliacidites  was  proposed  by  Couper 

(1953)  for  the  reception  of  fossil  pollen  of  liliaceous 
affinities . 

Liliacidites  mirus  Srivastava 
Plate  III,  figures  1.1,  1.2 

1969  Liliacidites  mirus  Srivastava;  Can.  J.  Bot.,  vol. 

47,  no.  6,  p.  976,  fig.  2-8. 

DESCRIPTION:  Monosulcate  pollen  grains;  sulcus  long, 


. 
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extending  from  one  longitudinal  end  to  the  other,  broader 
at  the  longitudinal  ends  and  narrower  in  the  middle  out¬ 
line  oval;  sexine  over  3  microns  thick,  baculate,  puncti- 
reticulate ;  ornamentation  reticulate,  muri  up  to  2.5  mic¬ 
rons  wide,  muri  formed  by  a  number  of  rows  of  bacula  which 
fuse  at  the  surface  leaving  punctae  between  them,  lumina 
large  -  1.5  microns;  on  the  sulcus  margins  sexine  thin, 
larger  reticula  grade  into  very  small  size,  muri  low  and 
thin . 

SIZE  RANGE:  37  to  40  microns  by  31  to  32  microns. 

ILLUSTRATED  SPECIMEN:  EA-68-3  #1-10.3/113.7. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet) . 

REMARKS:  Two  specimens  were  found  in  separate  samples. 

This  species  occurs  in  Srivastava's  (1968)  Zones  II  to 
VII  of  the  Edmonton  Formation  in  the  lower  and  middle 
divisions  just  up  to  the  Kneehills  Tuff  Member. 

Liliacidites  sp . 

Plate  II,  figure  2 

1966  Liliacidites  sp.  Srivastava;  Pollen  et  Spores,  vol. 

8,  no.  3,  p.  526,  pi.  8,  fig.  6. 

DESCRIPTION:  Monosulcate  pollen  grains;  bilateral,  fusiform; 

sulcus  opening  for  length  of  pollen  grain,  seen  in  lateral 

view  sulcus  deeply  invaginates  grain  so  that  grain  appears' 

two-toned  with  darker  portion  about  half  the  pollen  width; 

exine  thin;  small  blunt  spinules  scattered  over  body. 

SIZE  RANGE:  Length  44  to  47  microns,  width  22  to  28  microns. 
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Three  specimens  measured. 

ILLUSTRATED  SPECIMEN:  EA-68-1  #3-19.5/127. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet) . 

REMARKS:  Sulcus  was  only  seen  in  lateral  view.  These 

specimens  look  like  Srivastava's  (1966)  form  (46.8  x  28.6 

microns) .  In  that  paper  (p.  526)  he  remarked  of  this  form: 

Due  to  weak  exine  in  Liliacidites ,  the  manner  of 
the  opening  of  the  sulcus  varies  in  different  pollen 
grains.  The  pollen  of  Astelia  banksii  and  A. 
nervosa  have  similar  spinuled  exine  [CromweTl , 

1953).  Couper  (1960)  also  has  assigned  similar 
pollen  to  Astelia  sp. 

Srivastava  recovered  this  form  from  the  Edmonton 
Formation  above  the  Kneehills  Tuff  Member. 

FAMILY  BETULACEAE 

/  t 

Genus  Alnipollenites  Potonie  1931  ex  Potonie  1934 

/  / 

TYPE  SPECIES:  Alnipollenites  verus  (Potonie)  Potonie 
1934  (=Pollenites  verus  Potonie  1931)  . 

DIAGNOSIS:  Pollen  grains  lentil  shaped;  pores  4  to  7, 

seldom  3,  situated  in  the  equatorial  plane;  amb  triangular 
to  polygonal  depending  on  the  number  of  pores;  exine  smooth 
or  slightly  scabrate,  thickened  in  the  region  surrounding 
pores  so  pores  protrude  markedly  giving  the  grain  an 
angular  appearance;  exolamellae  more  or  less  smooth;  small 
vestibulum  present. 

Alnipollenites  trina  (Stanley)  Norton 
Plate  III,  figures  3.1,  3.2 

1965  Alnus  trina  Stanley,  Bull.  Am.  Paleont.,  vol .  49, 
no.  ’22  2,  p.  289,  pi.  43,  fig.  4-6. 
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1969  Alnipollenites  trina  (Stanley)  Norton  in  Norton  and 

Hall,  Palaeontographica ,  Bd .  125,  Abt  B,  p.  42,  pi.  5, 
fig.  20 

DESCRIPTION:  Triporate  to  tetraporate  pollen  grains;  amb 

triangular;  sides  straight  to  slightly  convex  or  concave; 
pores  protruding  with  definite  annulus  and  labrum,  usually 
3  but  sometimes  4  in  number;  arci  obvious,  about  2  microns 
in  width  and  paralleling  the  side  of  the  grain;  exine 
thickens  toward  pores;  exine  scabrate. 

SIZE  RANGE:  Equatorial  diameter  14  to  24  microns.  Fif¬ 
teen  specimens  measured. 

ILLUSTRATED  SPECIMENS:  ED-69-1  #1-38.2/113.4  and  #2-36/114. 
LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet).  Fish  Creek  (near  Bell's 
1945  collecting  site)  locality,  above  the  Entrance  Con¬ 
glomerate  (about  3,500  feet). 

REMARKS:  These  specimens  differ  from  Stanley's  (1965) 

specimens  in  being  slightly  larger  than  his  13  to  19  mic¬ 
ron  range  although  many  of  my  specimens  are  within  his 
size  range.  Bihl  (1968)  records  A.  trina  from  the  lower 
division  of  the  Edmonton  Formation  which  lowers  the  species 
usefulness  to  Snead  (1968)  as  an  index  species  of  the 
Paleocene.  Snead  gave  a  size  range  of  15.4  to  20.8  mic¬ 
rons  and  recovered  only  triporate  types.  Snead  had  found 
this  species  in  the  Paskapoo  Formation  and  in  the  upper 
part  of  the  Edmonton  Formation  at  the  base  of  his  'zone' 

B.  Stanley  (1965)  had  found  this  species  in  the  Paleocene 
Fort  Union  Formation,  as  had  Norton  and  Hall  (1969)  . 
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Genus  Carpinites  Srivastava  1966 
TYPE  SPECIES:  Carpinites  ancipites  (Wodehouse)  Srivastava 
(=Carpinus  ancipites  Wodehouse  1933) 

DIAGNOSIS:  Triporate  or  tetraporate  pollen,  pores  very 

slightly  or  not  at  all  protruding,  exine  surrounding 
pores  scarcely  or  not  at  all  thickened,  pore  pattern  as 
that  of  Carpinus  (Wodehouse  1933);  amb  angular;  exine 
smooth  or  scabrate. 

Carpinites  subtriangula  (Stanley)  comb.  nov. 

Plate  III,  figure  5 

1965  Carpinus  subtriangula  Stanley;  Bull.  Am.  Paleont., 
vol .  40,  no.  222,  p.  291-292,  pi.  43,  fig.  12-16. 

DESCRIPTION:  Triporate  pollen  grains,  equatorial  outline 

subtriangular  to  subcircular;  pores  simple,  circular,  about 

3  microns  in  diameter,  and  with  slight  labra;  exine  0.5 

to  1  micron  thick  and  faintly  scabrate. 

SIZE  RANGE:  Equatorial  diameter  28-30  microns.  Four 

specimens  measured. 

ILLUSTRATED  SPECIMEN:  EC-68-2  #3-31/126.2. 

LOCALITY:  Athabasca  Ranch  outcrop  locality,  above  the 

Entrance  Conglomerate  (about  3,000  feet).  Fish  Creek 
(near  Bell's  1945  collecting  site),  above  the  Entrance 
Conglomerate  (about  3,500  feet). 

REMARKS:  No  tetraporate  specimens  were  found  but  the  tri¬ 

porate  form  conform  to  Stanley's  (1965)  description  of 
Carpinus  subtriangula .  The  similar  Carpinites  ancipites 


(Wodehouse)  Srivastava  1966  differs  from  Stanley's  species 
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in  having  a  less  protruberant  labrum  and  a  smooth  exine . 

Stanley  (1965)  recovered  C.  subtriangula  from  the 
Paleocene  Fort  Union  Formation.  Snead  (1968)  found  the 
triporate  form  of  this  species  in  his  "zone"  C  of  the 
Paleocene  Paskapoo  Formation. 

FAMILY  BUXACEAE 

Genus  Erdtmanipollis  Krutzsch  1962 
TYPE  SPECIES:  Erdtmanipollis  pachy sandro ides  Krutzsch 
1962 

DIAGNOSIS:  Polyporate  spherical  pollen  grains  with  crot- 

onoid-reticulate  sculpture,  intectate;  small  circular 
pores  in  the  nexine,  sexine  baculate,  bacula  arranged  in 
polygonal  patterns  around  the  pore  margins;  apparently 
pores  only  in  1/3  of  lumina  formed. 

Erdtmanipollis  pachy sandro ides  Krutsch 
Plate  III,  figure  6 

1962  Erdtmanipollis  pachy sandro ides  Krutsch;  Geolgie,  vol. 
II,  no.  3,  p.  281,  pi.  8,  fig.  1-8. 

1965  Pachysandra  cretacea  Stanley;  Bull.  Am.  Palent.,  vol. 
49,  no.  222,  p.  294,  pi.  44,  fig.  1-9 

DESCRIPTION:  Polyporate  pollen  grains;  shape  subspherical 

(ovoid);  pores  simple,  circular,  about  30  in  number,  poly¬ 
gonal  reticula  surround  pores,  ornamentation  crotonoid- 
reticulate;  sexine  elements  of  plate-like  structures  1.8 
by  1.8  by  0.5  microns  stacked  next  to,  but  not  touching, 
one  another  to  form  walls  of  a  reticulum. 

SIZE  RANGE:  Diameter  (largest)  30  to  37  microns.  Pore 
diameter  1  to  2  microns.  Three  specimens  measured. 
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ILLUSTRATED  SPECIMEN:  EA-68-1  #2-12/109.3. 

LOCALITY:  Entrance  quarry  road  outcrop,  below  the  Entrance 

Conglomerate  (about  75  feet) .  Hardisty  Creek  locality, 
above  the  Entrance  Conglomerate  (about  12  feet) . 

REMARKS:  The  size  of  these  specimens  fall  within  Stanley's 

(1965)  range  of  20  to  50  microns  for  Pachysandra  cretacea 
of  the  Maestrichtian  Hell  Creek  Formation.  Morphologically 
they  appear  identical.  Srivastava  (1968)  in  his  Zone  V 
of  the  Edmonton  Formation  found  a  similar  species  which 
he  referred  to  Erdtmanipollis  procumbent if ormis  Samoilovitch . 
He  made  the  following  remark  (p . 9 1 ) :  "Pachysandra 
cretacea  Stanley  has  a  size  range  of  20  to  40  microns 
which  overlaps  the  size  ranges  of  earlier  established 
Erdtmanipollis  pachy sandro ides  and  E .  procumbentif ormis " . 

E.  pachy sandro ides  has  a  size  range  of  25  to  36  microns 
and  E.  procumbentif ormis  a  size  range  of  38  to  44  microns. 
Srivastava  had  suggested  (p.  89)  that  "size  variation  and 
approximate  number  of  pores  can  only  be  used  to  distinguish 
species",  hence  the  very  similar  Pachysandra  and  Sarcococca 
as  fossils  should  be  called  Erdtmanipollis ,  a  form  genus 
established  by  Krutsch  (1962).  Snead  (1968)  found  E. 
pachysandroides  with  a  size  range  of  26  to  30  microns  in 
his  'zone'  A  of  the  Edmonton  Formation.  He  considered  P. 
cretacea  Stanley  to  be  a  junior  synonym  with  a  slightly 
larger  size  range.  Bihl  (1968)  found  E.  pachysandroides 
in  Srivastava 's  Zone  IV  of  the  Edmonton  Formation. 


FAMILY  HALORAGACEAE 
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Genus  Myriophyllum  Ponted .  ex  L.  1753. 

Myriophyllum  Ponted .  ex  L. ,  (pollen);  Pokrovskaia,  1950, 
Analyse  pollinique,  p.  293. 

Myriophyllum  Ponted.  ex  L.,  (pollen);  Erdtman,  1951,  Pollen 
Analysis,  p.  101. 

TYPE  SPECIES:  Myriophyllum  spicatum  L.  1753. 

REMARKS:  This  is  an  extant  plant  genus  which  perhaps  should 

not  be  used  for  older  fossil  pollen  as  was  done  by 
Wodehouse  (1933)  .  Stanley  (1965)  noted  that  not  too  much 
information  was  available  on  pollen  of  this  genus.  The 
reader  is  referred  to  the  above  cited  works  for  further 
description  and  discussion  of  the  pollen  of  this  genus. 

My r io phy 1 1 urn  cf.  M.  ambiguipites  Wodehouse 
Plate  III,  figure  7 

1953  Myriophyllum  ambiguipites  Wodehouse,  Bull.  Torrey  Bot. 
Club,  vol.  60,  p.  516,  fig.  51 

1965  Myriophyllum  cf .  M.  ambiguipites  Wodehouse,  Stanley, 
Bull.  Am.  Paleont.,  vol.  49,  no.  222,  p.  298,  pi.  45, 
fig.  1,2. 

DESCRIPTION:  Oblate  tetraporate  pollen  grains;  subcircular 

amb;  pores  meridionally  elongated  with  slight  annulus  4 
by  1.5  microns;  exine  scabrate. 

SIZE  RANGE:  Equatorial  diameter  24  microns.  Two  specimens 
measured . 

ILLUSTRATED  SPECIMEN:  EA-68-3  #4-13/128. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet) . 

REMARKS:  These  specimens  differ  from  Stanley's  (1965) 

specimens  in  being  smaller  (his  diameter  28  microns)  but 
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are  still  larger  than  Wodehoue ' s  (1933)  type  type  (diameter 
21.6  microns)  and  possible  with  a  less  developed  annulus 
than  the  type.  Stanley  suggested  that  a  size  range  from 
21  microns  up  to  his  28  microns  might  be  expected  for  this 
species  . 

Wodehouse  (1933)  recovered  M.  ambiguipites  from  the 
Green  River  Formation  of  Eocene  age.  Stanley  (1965) 
found  M.  cf.  M.  ambiguipites  in  the  Fort  Union  Formation 
of  Paleocene  age. 


FAMILY  JUGLANDACEAE 

Genus  Caryapollenites  Raatz  1937 

TYPE  SPECIES:  Caryapollenites  simplex  (Potonie)  Raatz 

\ 

1937  (=Pollenites  simplex  Potonie  1931) . 

DIAGNOSIS:  Subtriporate  to  tetraporate  pollen  grains; 

outline  in  polar  view  circular;  pores  more  or  less  circular, 
large,  structure  simple;  pores  situated  off  the  equator  and 
all  positioned  in  one  hemisphere. 

Caryapollenites  scabratus  Groot  and  Groot 
Plate  III,  figure  11 

1962  Caryapollenites  scabratus  Groot  and  Groot;  Palaeonto- 
graphica,  vol.  Ill,  pt .  B,  p.  166,  pi.  30,  fig.  13, 

14. 

1965  Carya  paleocenica  Stanley;  Bull.  Am.  Paleont.,  vol. 

49,  no.  222,  p.  299,  pi.  45,  fig.  3-7 

1969  Caryapollenites  paleocenicus  (Stanley)  Srivastava; 

(in  Press) . 

DESCRIPTION:  Triporate  to  tetraporate  pollen  grains;  cir¬ 

cular  to  subcircular  in  polar  view;  pores  subequatorial , 
round,  about  2  to  3  microns  in  diameter;  ornamentation 
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scabrate  to  weakly  granulate;  exine  about  1.5  microns  thick, 
slightly  thicker  around  pores. 

SIZE  RANGE:  Equatorial  diameter  20  to  28  microns.  Ten 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  ED-69-1  #2-36/117. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate.  Fish  Creek  (near  Bell's  1945  collecting 
site)  locality,  above  the  Entrance  Conglomerate  (about 
3,500  feet).  Entrance  quarry  road  outcrop  locality, 
below  the  Entrance  Conglomerate. 

REMARKS:  Snead  (1968)  used  this  species  as  an  index  of 

Paleocene  age.  However  Srivastava  (1968)  found  this  species 
throughout  the  Edmonton  Formation  of  Maestrichtian  age. 
Srivastava  had  called  it  Caryapollenites  paleocenicus 
(Stanley)  Srivastava  but  Snead  had  included  Stanley's 
Carya  paleocenica  in  synonymy  under  Caryapollenites 
scabratus  Groot  and  Groot. 

As  well  as  in  the  Edmonton  Formation,  this  species 
is  found  in  the  following  Paleocene  formations  -  Paskapoo 
Formation  (Snead  1968),  Brightseat  Formation  of  Maryland 
(Groot  and  Groot  1962)  and  the  Fort  Union  Formation  of 
South  Dakota  (Stanley  1965)  . 

FAMILY  LORANTHACEAE 

Genus  Cranwellia  Srivastava  1966  emend.  Srivastava  1968 
TYPE  SPECIES:  Cranwellia  striata  (Couper)  Srivastava  1966. 
(=Elytranthe  striatus  Couper  1953) . 


DIAGNOSIS:  Isopolar;  colpate  or  colporate  pollen  apertures 


- 
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3  or  more  than  three,  angulaperturate ,  pores  conspicuous 
to  inconspicuous;  amb  triangular  with  mostly  concave  or 
straight  and  sometimes  slightly  convex  sides;  colpi  short 
or  long,  sometimes  reaching  the  polar  area;  poles  flat¬ 
tened,  polar  axis  compressed,  equatorial  angular  projections 
well  developed  making  pollen  grains  a  three  armed  body; 
sexine  tectate,  granulate,  granules  arranged  in  a  linear 
striate  pattern,  in  polar  view  striations  start  from  the 
middle  of  each  mesocolphium  and  run  across  the  middle  of 
each  adjacent  mesocolpia,  striations  parallel  to  each  other 
and  perpendicular  to  the  radius,  form  pole  to  the  apex  of 
each  equatorial  projection  (ie.  striae  circumambulate). 
REMARKS:  Srivastava  (1968)  designated  the  genus  Cranwellia 

to  accommodate  fossil  pollen  which  show  a  similarity  or 
affinity  with  the  pollen  of  the  extant  genus  Elytranthe 
whether  the  pollen  was  tri-  or  poly-colpate  or  tri-  or 
poly-colporate . 

Cranwellia  rumseyensis  Srivastava 
Plate  III,  figure  12 

1961  Elytranthe  striatus  Couper ;  Samoilovitch  et.  al . 

(in  part) ,  Trudy  Vses.  Neft.  Nauch.  -  Issled.  Geol.- 
Razv.  Inst.  Leningrad,  Vol.  177,  p.  191,  pi.  62 
f ig .  7 . 

1966  Cranwellia  rumseyensis  Srivastava;  Pollen  et  Spores, 
vol.  8,  no.  3,  p.  538,  pi.  11,  fig.  3,7. 

DESCRIPTION:  Isopolar  pollen  grains;  tricolpate,  equa¬ 

torial  outline  triangular  with  straight  to  slightly 
convex  sides;  apices  bluntly  rounded  with  outline  broken 
by  colpi;  colpi  located  at  apices,  slightly  greater  than 
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half  the  length  of  the  spore  radius,  narrow  but  often 
broadening  distally;  exine  about  0.8  microns  thick;  ornam¬ 
entation  of  fine  striations  with  characteristic  distri¬ 
bution  described  for  genus;  striations  indistinct  in 
vicinity  of  poles. 

SIZE  RANGE:  Equatorial  diameter  23  to  28  microns.  Three 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  EZ-69-9  #3-32/125. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet.). 

REMARKS:  Srivastava  (1966)  distinguished  this  species 

from  Cranwellia  striata  by  the  former's  lack  of  pore 
chambers,  slightly  straight  to  convex  sides,  bluntly 
rounded  equatorial  arms,  less  pronounced  striations  in  the 
polar  region.  The  equatorial  diameter  of  the  holotype  is 
28  microns.  Snead  (1968)  gave  a  slightly  smaller  size 
range  of  15  to  24  microns. 

Occurs  in  the  Maestrichtian  to  Danian  of  Russia 
(Samoilovitch  et  al.  1961)  .  Srivastava  (1968  found  this 
species  in  his  Zones  II  to  VIII  of  the  Edmonton  Formation. 
Snead  (1968)  found  this  species  in  his' zones'  A  and  B  of 
the  Edmonton  Formation. 

FAMILY  MAGNOLIACEAE 

Pollen  cf .  Liriodendron  psilopites  Wodehouse  1933 

Plate  III,  figure  4 

1933  Liriodendron  psilopites  Wodehouse;  Torrey  Bot .  Club 
Bull.,  vol.  60,  p.  501,  fig.  28. 
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1966  Pollen  cf.  Liriodendron  psilopites  Wodehouse  1933; 

Srivastava ,  Pollen  et  Spores,  vol.  8,  no.  3,  p.  526- 
527,  pi.  VIII,  fig.  5. 

DESCRIPTION:  Monosulcate  pollen  grains;  body  elongate,  fusi¬ 

form,  sulcus  of  uniform  width  running  throughout  length; 
exine  smooth,  relatively  thick,  about  1.6  microns;  ridge¬ 
like  structures  running  laterally  from  the  sulcus  toward 
margin . 

SIZE  RANGE:  Length  39  to  56  microns.  Width  16  to  17  mic¬ 
rons  . 

ILLUSTRATED  SPECIMEN:  EZ-69-9  #1-12/112. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet) . 

REMARKS:  Liriodendron  psilopites  Wodehouse  (1933)  has  a 

size  range  of  62.5  by  23.5  to  80  by  38.8  microns  which  is 
significantly  larger  than  the  above  described  specimens. 
Srivastava  (1966)  described  a  single  grain  from  the 
Edmonton  Formation  above  the  Kneehills  Tuff  with  dimen¬ 
sions  49.9  by  15.6  microns  which  is  probably  within  the 
size  range  of  the  specimens  described  herein. 

FAMILY  NYSSACEAE 

Genus  Nyssapollenites  Thiergart  1937 
TYPE  SPECIES:  Nyssapollenites  pseudocruciatus  Thiergart 
1937. 

DIAGNOSIS:  Tr icolporate ,  suboblate,  almost  spherical  or 

ovoid,  equatorial  view  sometimes  rhombic,  amb  triangular 
to  rounded  triangular;  colpi  meridional,  margins  thickened; 
pores  equatorial  with  thickened  margins,  sexine  in- 
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f rapunctate . 

Nyssapollenites  cf .  N.  parvus  Srivastava 

Plate  III,  figure  9 

1969  Nyssapollenites  parvus  Srivastava;  Can.  J.  Bot . ,  vol . 

47 ,  no .  6~,  p~.  980,  fig.  25. 

DESCRIPTION:  Tricolporate  pollen  grains,  oblate,  angu- 

laperturate;  colpi  size  average,  narrow,  meridional; 
pores  indistinct,  equatorial;  equatorial  outline  triangular, 
apices  rounded,  sides  straight;  exine  tectate,  ornamentation 
inf rareticulate . 

SIZE:  Equatorial  diameter  20  microns. 

ILLUSTRATED  SPECIMEN:  EA-68-3  #1-38.7/125. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet) . 

REMARKS:  Recovered  only  a  single  specimen  which  differs 

from  Nyssapollenites  parvus  in  having  a  greater  diameter 
than  that  given  by  Srivastava  (type  -  12  to  18  microns) . 

N.  bindae  Srivastava  (1969)  has  a  diameter  of  20  to  25 
microns  but  differs  from  my  specimen  in  having  colpi  which 
almost  reach  the  pole. 

Srivastava  (1968)  found  this  species  in  his  Zone  III 
to  VII  of  the  Edmonton  Formation. 

FAMILY  OLEACEAE 

.  /  .  / 

Genus  Fraxinoipollenites  Potonie  1951  ex  Potonie  1960 

/  y 

TYPE  SPECIES:  Fraxinoipollenites  pudicus  (Potonie;  Potonie 

/ 

1960  (=Pollenites  conf inus  forma  pudicus  Potonie  1934) . 
DIAGNOSIS:  Prolate  tricolpate  pollen  grains;  colpi  long, 

distinct;  exine  scabrate  to  reticulate. 
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Fraxinoipollenites  variabilis  Stanley 
Plate  III,  figure  8 

1965  Fraxinoipollenites  variabilis  Stanley;  Bull.  Am. 

Paleont . ,  vol .  49,  no.  222,  p.  306,  pi.  45,  fig.  29- 
35. 

DESCRIPTION:  Prolate,  tricolpate  pollen  grains;  shape- 

class-index  1.2  to  1.5;  colpi  long,  straight  to  slightly 
sinuous,  closed;  apocolpium  small,  sexine  clavate,  clavae 
forming  a  reticulum  with  lumina  about  0.5  microns  wide, 
length  of  clavae  0.8  to  1  microns. 

SIZE  RANGE:  Polar  axis  18  to  21  microns.  Equatorial  dia¬ 
meter  14  to  17  microns.  Three  specimens  measured. 

ILLUSTRATED  SPECIMEN:  ED-69-#l-42/121 . 

LOCALITY:  Fish  Creek  (near  Bell's  1945  collecting  site) 

locality,  above  the  Entrance  Conglomerate  (about  3,500  feet). 
REMARKS:  These  specimens  fall  within  the  size  range  given 

by  Stanley  (1965) ,  however  the  clavae  in  some  cases  are 
slightly  shorter  than  those  of  the  type.  The  shape-size- 
class  varies  as  noted  by  Stanley.  This  form  is  very 
similar  to  Pseudotricolpites  reticulatus  Stanley  but  can 
be  distinguished  by  the  closed  colpi,  taller  clavae  and  more 
prolate  form. 

Stanley  (1965)  recovered  this  species  from  the  Fort 
Union  Formation  of  Paleocene  age.  It  occurs  throughout 
the  Edmonton  Formation  (Srivastava  1968;  Bihl  1968). 

FAMILY  PROTEACEAE 

Genus  Proteacidites  Cookson  ex  Couper  1953 
TYPE  SPECIES:  Proteacidites  adenanthoides  Cookson  1950. 
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DIAGNOSIS:  Free,  isopolar  to  anisopolar,  triorate, 

occasionally  diorate;  grain  triangular  to  subtriangular , 
sides  concave  to  convex  between  ora  in  polar  view; 
exine  clearly  differentiated  into  nexine  and  sexinous 
layers;  sexine  baculate,  clavate  or  tuberculate,  forming 
a  very  variable  pitted-reticulate,  or  pseudo-reticulate 
sculpture  in  surface  view. 

Proteacidites  thalmanni  Anderson  var .  major  Srivastava 

Plate  III,  figure  14 

1966  Proteacidites  thalmanni  Anderson  1960  var.  major 

Srivastava;  Pollen  et  Spores,  vol .  8,  no.  3^  pT  536, 
pi.  VII,  fig.  7 

DESCRIPTION:  Oblate  triporate  pollen  grains;  equatorial 

outline  triangular,  sides  straight  to  slightly  convex; 
exine  thick,  two  layered;  nexine  continuous  in  pore  zone 
forming  an  endannulus;  pore  region  concave  with  "notch¬ 
like"  outline  in  polar  view;  ornamentation  coarsely 
reticulate,  lumina  3  microns. 

SIZE:  Equatorial  diameter  50  microns. 

ILLUSTRATED  SPECIMEN:  EZ-69-8  #1-20/123.2. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet) . 

REMARKS:  Only  a  single  specimen  was  found.  Srivastava 

(1966)  gave  the  size  of  his  holotype  as  54.6  microns  which 
is  slightly  larger  than  the  size  of  this  specimen.  How¬ 
ever,  Anderson  (1960)  gave  a  size  range  of  17  to  29  mic¬ 
rons  for  P.  thalmanni  which  is  considerably  smaller. 
Srivastava  remarked  (p.  536)  that,  "the  "notch-like"  out¬ 
line  of  the  pore  region  is  characteristic  for  the  species. 
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and  only  a  new  variety  has  to  be  created  to  accommodate 
the  larger  forms." 

Srivastava  recovered  this  variety  from  the  Edmonton 
Formation  in  his  Zone  V  about  70  feet  below  the  Kneehills 
Tuff  Member  base. 

Proteacidites  cf .  P.  thalmanni  Anderson 

Plate  III,  figures  13.1,  13.2 

1960  Proteacidites  thalmanni  Anderson;  New  Mexico  State 
Bur.  Mines  and  Min.  Res.,  Mem.  6,  p.  21,  pi.  2, 
figs,  1-4,  pi.  10,  fig.  9-13. 

1965  Proteacidites  retusus  Anderson;  Stanley  (in  part) , 

Bull.  Am.  Paleont.  vol.  49,  no.  22,  pi.  46,  fig.  4,5 
(non  fig .  1-3 , 6 )  . 

DESCRIPTION:  Oblate  triporate  pollen  grains;  triangular 

in  equatorial  outline,  sides  straight  to  slightly  convex, 
pore  shape  circular  to  slightly  elongate,  somewhat  pointed 
proximally;  exine  two-layered;  nexine  thickening  around 
pores  to  form  an  endannulus;  sculpture  irregularly  retic¬ 
ulate  (lumina  0.5  micron)  becoming  slightly  finer  in  polar 
regions . 

SIZE:  Equatorial  diameter  17  to  21  microns.  Pore  about 

3  microns  wide.  Two  specimens  measured. 

ILLUSTRATED  SPECIMEN:  EZ-69-9  #1-21.3/119.3  and  EA-68- 

4  #2-18.2/126. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet) .  Entrance  quarry  road  out¬ 
crop  locality,  below  the  Entrance  Conglomerate  (about  75 
feet) . 

REMARKS:  Only  two  specimens  from  different  localities 


. 
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were  well  enough  preserved  and  suitably  orientated  for 
identification.  Although  Anderson  (1960)  states  that 
this  species  is  coarsely  reticulate,  some  of  his  photo¬ 
graphs  show  it  to  be  comparatively  finely  reticulated. 

He  states  the  species  is  quite  variable  in  regard  to 
endannulus,  pore  structure  and  size.  My  specimens  were 
somewhat  faded  which  suggests  that  the  finer  thickness 
of  the  reticulations  is  only  apparent  due  to  preservation. 

This  form  also  looks  very  much  like  P.  retusus  Anderson 
of  Stanley  (1965)  particularly  in  regard  to  the  reticulations. 
Srivastava  (1968)  puts  part  of  Stanley's  specimen  in 
synonymy  under  P.  thalmanni  on  the  basis  of  coarse 
reticulations  and  gives  a  size  range  of  17  to  41  microns. 

Occurs  in  Srivastava 's  (1968)  Zones  II-VII  of  the 
Edmonton  Formation  and  the  uppermost  Cretaceous  of  the 
U.S.A.  (Anderson  1960,  Stanley  1965,  Norton  and  Hall 
1969) ,  and  Maestrichtian-Danian  of  California  (Drugg,  1968) . 

FAMILY  SALICACEAE 

Genus  Salixipollenites  Srivastava  1966 
TYPE  SPECIES:  Salixipollenites  discoloriptes  (Wodehouse) 
Srivastava  1966,  (=Salix  discoloripites  Wodehouse  1933) 
DIAGNOSIS:  Tricolpate  pollen  grains;  more  or  less  deeply 

three  lobed  isodiametric ,  slightly  elongate  or  oblately 
flattened;  colpi  long  and  tapering;  without  internal  marg¬ 
inal  thickenings,  and  without  germ  pores;  exine  thick  and 
coarsely  reticulate. 

REMARKS:  Srivastava  (1966)  distinguishes  this  genus  from 
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Tricolpites  Cookson  ex  Couper  emend.  Potonie  1960  by  the 
formers'  smaller  size,  deeply  tri-lobed  amb  and  coarser 
reticulations . 

?Salixipollenites  sp.  cf.  S.  sp.  A  Snead 
I’late  III,  figure  10 
1968  Salixipollenites  sp.  A,  Snead. 

DESCRIPTION:  Tricolpate  pollen  grains;  equatorial  out¬ 

line  subtriangular  (amb  slightly  rounded  but  large  colpi 
break  up  outline) ;  colpi  large,  tapering;  apocolpium 
small  (2.5  microns  across);  exine  ornamentation  reticulate 
to  infrareticulate ,  on  side  of  colpi  exine  thinner  and 
reticulation  lacking. 

SIZE:  Equatorial  diameter  21  microns.  Two  specimens 

measured . 

ILLUSTRATED  SPECIMEN:  ED-69-1  #2-10/126.2. 

LOCALITY:  Fish  Creek  (near  Bell's  1945  collecting  site) 

locality,  above  the  Entrance  Conglomerate  (about  3,500 
feet) . 

REMARKS:  This  form  resembles  Snead's  (1968)  Salixipollenites 

sp.  A  in  size  and  in  the  graduation  from  ornamentation  of 
reticulation  to  loss  of  ornamentation  towards  the  borders 
of  the  colpi.  However  the  reticulation  is  poorly  developed 
compared  to  Snead's  species.  This  may  be  a  function  of 
preservation.  This  form  is  almost  encompassed  by  the 
definition  of  Tricolpites  in  regard  to  reticula  size. 


Very  rare. 
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S'nead  recovered  this  form  from  his  'zone'  B  of  the 
uppermost  Edmonton  Formation  (Cretaceous-Teritary  boundary) 

FAMILY  ULMACEAE 

Genus  Momipites  Wodehouse  1933 
TYPE  SPECIES:  Momipites  coryloides  Wodehouse  1933. 
DIAGNOSIS:  Grains  spheroidal  or  oblately  flattened  and 

somewhat  triangular  in  outline;  pores  three  on  the  equator 
with  their  apertures  broadly  elliptical  and  meridionally 
orientated,  only  slightly  protruding  above  the  surface, 
and  with  the  exine  immediately  surrounding  them  slightly 
thickened,  corresponding  to  the  Corylus  pattern  (Wodehouse 
1933,  fig.  38);  texture  smooth  or  scabrate. 

Momipites  cf .  M.  inaequalis  Anderson 
Plate  III,  figure  17 

1960  Momipites  inaequalis  Anderson;  New  Mexico  State  Bur. 
Mines  and  Min.  Res.,  Mem.  6,  P.  25,  pi.  6,  fig.  7-10, 
pi.  7,  fig.  13. 

1964  Momipites  sp.  Newman;  Soc .  Eco .  Paleont.  and  Mineral, 
sp.  Pub.  No.  11,  p.  178,  pi.  1,  fig.  15. 

DESCRIPTION:  Triporate  pollen  grains;  equatorial  outline 

subtriangular ,  sides  convex;  pores  slightly  elongate 

meridionally,  very  slightly  thickened  lip,  slightly  or 

not  protruding;  pores  1.6  to  2.4  microns  in  diamete;  exine 

thin,  about  0.5  microns;  surface  scabrate. 

SIZE:  Equatorial  diameter  26  microns.  One  specimen 

measured . 

ILLUSTRATED  SPECIMEN:  ED-69-1  #1-20/116. 

LOCALITY:  Fish  Creek  (near  Bell's  1945  collecting  site) 
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locality,  above  the  Entrance  Conglomerate  (about  3,500 
feet) . 

REMARKS:  Very  rare.  Similar  in  size  and  general  shape 

to  Momipites  coryloides  Wodehouse  but  ornament  is  scabrate 
not  smooth.  Similar  in  shape  and  scabrate  ornamentation 
to  M.  inaequalis  but  Anderson  (1960)  gives  a  size  range  of 
16  to  24  microns.  Snead  (1968)  gives  a  size  range  for 
this  species  of  20  to  28  microns.  The  pores  do  not  seem 
to  be  as  narrow  as  those  shown  in  Snead's  photographs 
though  they  are  comparable  to  some,  though  not  all,  speci¬ 
mens  illustrated  by  Anderson. 

Snead  found  this  species  in  his  'zones'  B  and  C  of 
the  uppermost  Edmonton  Formation  (Maestrichtian? )  and  the 
Paskapoo  Formation  (Paleocene) .  The  species  has  been  re¬ 
covered  form  the  Paleocene  of  the  U.S.A.  (Anderson  1960; 
Newman  1964 ) . 

Momipites  cf.  M.  tenuipolus  Anderson 
Plate  III,  figure  18 

1960  Momipites  tenuipolus  Anderson;  New  Mexico  State  Bur. 

Mines  and  Min.  Res.  Mem.  6,  p.  25,  pi.  7,  fig.  14, 

DESCRIPTION:  Triporate  pollen  grains;  equatorial  outline 

triangular  to  subtriangular  sides  slightly  convex  to 
slightly  concave;  apices  round  carrying  the  pores;  pores 
small  lolongate,  about  1.5  microns,  exine  slightly  thicken¬ 
ed  in  the  pore  regions;  most  grains  posses  a  distinctive 
thin  patch  of  exine  in  the  polar  region,  and  in  some  grains 
the  thin  area  is  thickened  at  the  pole  to  form  an  "island"; 
sculpture  scabrate  to  infrareticulate . 
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SIZE  RANGE:  Equatorial  diameter  20  to  28  microns.  Six 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  ED-69-1  #2-14.5/123.6 
LOCALITY:  Fish  Creek  (near  Bell's  1945  collecting  site) 

locality ,  above  the  Entrance  Conglomerate  (about  3,500 
feet) . 

REMARKS:  My  form  differs  from  Momipites  tenuipolus 

Anderson  in  having  a  greater  diameter,  although  the  small¬ 
est  grains  are  just  within  the  size  range  of  the  type. 

The  morphology  compares  closely  to  that  of  the  type. 

Anderson  (1960,  p.  25)  mentions  "the  presence  of  a  thin 
polar  area  (and  indistince  "islands"  also),  which  is  ap¬ 
parently  a  constant  and  significant  feature".  These  thin 
polar  regions  and  "islands"  are  well  developed  in  my  form. 

Anderson  (1960)  recovered  this  species  from  lower 
Paleocene  beds  of  New  Mexico.  Snead  (1968)  recovered  this 
species  from  the  upper  part  of  the  Edmonton  Formation  and 
the  Paleocene  Paskapoo  Formation.  Drugg  (1968)  found  it 
in  the  Moreno  Formation  of  Maestrichtina-Danian  age. 

Genus  Ulmipollenites  Wolff  1934  emend.  Srivastava  1969 
TYPE  SPECIES:  Ulmipollenites  undulosus  Wolff  1934. 
DIAGNOSIS:  Ulmaceous  triporate  to  polyporate  pollen  grains; 

equatorial  outline  triangular  to  round  depending  on 
number  of  pores  present;  annulus  present  around  pores; 
arci  may  be  present;  sexine  slightly  undulate  to  rugulate. 
REMARKS:  Srivastava  (1969)  includes  the  genus  Ulmoideipites 


Anderson  (1960)  as  a  junior  synonym  under  Ulmipollenites 


. 
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Wolff  and  emends  the  definition  of  Ulmipollenites  Wolff 
1934  to  include  undulate  as  well  as  rugulate  sexine. 

Ulmipollenites  tricostatus  (Anderson)  comb.  nov. 

Plate  III,  figure  15. 

I960  Ulmoideipites  tricostatus  Anderson;  New  Mexico  State 
Bur.  Mines  and  Min.  Res.,  Mem.  6,  p.  20,  pi.  4,  fig. 
9-11,  pi.  6,  fig.  4,5  pi.  7,  fig.  8,  pi . 8 ,  fig.  8,9. 

DESCRIPTION:  Triporate  pollen  grains;  equatorial  outline 

triangular,  sides  convex;  pores  subcircular,  about  1.6 

microns  in  diameter;  exine  increasing  in  thickness  in  the 

pore  region  and  forming  a  slight  annulus;  arci  paralleling 

sides;  surface  ornamentation  of  indistinct  low  verrucae. 

SIZE:  Equatorial  diameter  21  microns.  Two  specimens 

measured . 

ILLUSTRATED  SPECIMEN:  ED-69-1  #3-16.5/111.2. 

LOCALITY:  Fish  Creek  (near  Bell's  1945  collecting  site) 

locality,  above  the  Entrance  Conglomerate  (about  3,500 
feet) . 

REMARKS:  Very  rare.  Profile  of  arci  demonstrate  presence 

of  verrucate  ornamentation. 

Hell  Creek  Formation  (upper  Cretaceous)  (Norton  and 
Hall  1969)  and  Paleocene  of  the  U.S.A.  (Anderson  1960; 
Newman  1964).  Danian  of  Siberia  (Samoilovitch  1967). 

Upper  part  of  the  Edmonton  Formation  and  the  Paskapoo 
Formation  in  Snead's  'zones'  B  and  C  (Snead  1968). 

Ulmipollenites  sp.  cf .  Ulmoideipites  krempi  (Anderson) 

Plate  III,  figure  16 

1960  Ulmoideipites  krempi  Anderson;  New  Mexico  State  Bur. 
Mines  and  Min.  Res.,  Mem.  6,  p.  20,  pi.  4,  fig.  12, 
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pi.  6,  fig.  2,3  pi.  10,  fig.  8. 

DESCRIPTION:  Tetraporate  pollen  grains,  rounded  subrectan- 

gular  in  equatorial  outline;  pores  equatorial  or  slightly 
subequatorial ,  circular  to  irregular  in  outline  and  with 
slight  annulus,  pores  about  1.6  to  2.4  microns;  annuli 
continuous  with  more  or  less  well  developed  arci;  sculpture 
faintly  verrucate  giving  somewhat  beaded  appearance  to 
arci . 

SIZE  RANGE:  Equatorial  diameter  20  to  26  microns.  Six 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  Ed-69-1  #4-26.5/117.1. 

LOCALITY:  Fish  Creek  locality,  above  the  Entrance  Conglo¬ 

merate  (about  3,500  feet). 

REMARKS:  This  form  differs  from  Ulmoideipites  krempi  in 

being  tetraporate  only,  not  triporate  as  well.  The  out¬ 
line  is  subrectangular  more  often  which  probably  is  a 
function  of  the  arci.  The  general  form,  size  and  ornamen¬ 
tation  compare  well  with  Anderson's  (1960)  illustrations. 

Anderson  recovered  this  species  from  uppermost  Cre¬ 
taceous  (?)  to  lowermost  Paleocene  strata  of  New  Mexico. 

ANGIOSPERMAE-INCERTAE  SEDIS 

Genus  Aquilapollenites  Rouse  1957  emend.  Funkhouser  1961 

restr.  Srivastava  1968 

DIAGNOSIS:  Heteropolar  or  isoplar  pollen,  one  or  both  the 

poles  extneded  forming  polar  projection;  three  equatorial 
projections;  tricolpate  or  tridemicolpate  on  each  side  of 
equatorial  projections;  sometimes  either  in  addition  to  or 
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without  meridional  colpi,  three  equatorial  colpi  may  be 
situated  between  or  on  the  equatorial  projections;  ornamen¬ 
tation  variable. 

RESTRICTIONS:  Pollen  without  defined  polar  projections 

and  having  equatorial  projections  may  be  excluded  from  this 
genus . 

Pollen  having  one  polar  projection  developed  and  the 
other  reduced  to  insignificance  or  concavity  may  be  trans¬ 
ferred  to  the  genus  Mancicorpus . 

Porate  pollen  having  polar  or  equatorial  projections 
may  not  be  included  in  Aquilapollenites . 

Srivastava  (1968b)  gives  a  complete  review  of  this 
genus . 

Aquilapollenites  amplus  Stanley  1961 
Plate  IV,  figure  2 

1961  Aquilapollenites  amplus  Stanley;  Pollen  et  Spores, 
vol .  3,  p.  342,  pi.  1,  figs.  1-6,  pi.  2,  figs.  1-4, 
pi.  3,  figs.  1-5. 

1966  non  Aquilapollenites  amplus  Stanley;  Srivastava,  Pollen 
et  Spores,  vol.  8,  no.  3,  p.  520,  pi.  VIII,  fig.  10-12, 
(=A .  augustus  Srivastava  1969) 

DESCRIPTION:  Isopolar  to  slightly  subisopolar;  tricolpate; 

body  with  three  equatorial  and  two  polar  protrusions;  colpi 
located  on  distal  portions  of  equatorial  projections  in  a 
meridional  elongation;  ornamentation  on  body  and  protru¬ 
sions  reticulate  with  lumina  becoming  coarser  to  about  1 
micron  near  poles;  clavae  closely  spaced  to  form  reticulum, 
1.5  to  2  microns  high;  moderate  amount  of  randomly  spaced 
spinules  on  body,  somewhat  more  densely  spaced  on  apices 
of  protrusions,  on  equatorial  protrusions  about  2  microns 
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long  and  directed  back  toward  body;  boomerang  shaped 
thickenings  on  the  equatorial  protrusions  and  extending 
a  short  distance  on  to  body. 

SIZE  RANGE:  Polar  axis  length  46-50  microns.  Diameter  of 
polar  protrusions  17-20  microns.  Equatorial  projection  to 
polar  axis  30-32  microns.  Diameter  of  equatorial  protru¬ 
sions  14-17  microns.  Five  specimens  measured. 

ILLUSTRATED  SPECIMENS:  EZ-69-9  #3-17.5/117.8  and  #1-34/118.2. 
LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet) . 

REMARKS:  This  form  has  equatorial  protrusions  slightly 

longer  than  those  described  by  Stanley  (1961a)  for  the 
type.  Often  the  equatorial  protrusion  normal  to  the  plan 
of  the  slide  was  very  much  flattened  -  this  same  situation 
is  shown  in  some  of  Stanley's  photos  of  the  species. 
Srivastava  (1968)  mentions  that  this  species  as  shown  in 
Stanley's  photos  is  slightly  subisopolar  with  one  pole 
fractionally  larger  than  the  other.  Stanley  (1965)  ob¬ 
served  that  several  species  described  by  Mtchedlishvili  - 
A.  granulatus,  A.  asper ,  A.  subtilis ,  A.  insignis  and  A. 
latilobus  -  are  close  to  or  the  same  as  A.  arnplus .  Of 
these  six  species  Srivastava  recovered  all  but  A.  subtilis 
and  A.  latilobus  from  the  Edmonton  I’ormation.  Snead 
(1968)  recovered  A.  arnplus  from  his  'zone'  A  in  the 
Edmonton  Formation.  Both  Stanley  (1961)  and  Norton  and 
Hall  (1969)  recovered  this  species  from  the  Uppermost 


Cretaceous  of  the  United  States. 
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Aquilapollenites  reductus  Norton  1965 
Plate  IV,  figure  1 

1965  Aquilapollenites  reductus  Norton;  Pollen  et  Spores, 
vol.  7,  p.  140,  pi.  2,  figs.  5-7,  pi.  3,  figs.  8,9. 

DESCRIPTION:  Isopolar  (sometimes  subisopolar  due  to  preser¬ 

vation  and  attitude) :  tricolpate;  body  with  three  equa¬ 
torial  protrusions  and  two  broad  polar  protrusions;  colpi 
located  on  distal  end  of  each  equatorial  protrusion;  or¬ 
namentation  on  body  reticulate,  with  up  to  2  microns  wide 
lumina  in  equatorial  region  and  becoming  smaller  towards 
poles;  distal  portion  of  each  equatorial  protrusion  0.5  to 
1  micron  wide;  muri  composing  reticulate  ornamentation, 
about  1-2  microns  high  with  highest  muri  near  equator. 

SIZE  RANGE:  Polar  axis  48-50  microns.  Diameter  of  polar 
protrusions  about  20  microns.  Equatorial  protrusion  to 
polar  axis  18-24  microns. 

Body  at  equator  25  microns.  Diameter  of  equatorial 
protrusions  12  microns.  Five  specimens  measured. 

ILLUSTRATED  SPECIMEN:  EZ-69-8  #5-47/111. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet) . 

REMARKS:  Norton  (1965)  gives  the  length  of  the  equatorial 

protrusion  to  polar  axis  as  16  -  20  microns  which  differs 
from  my  form  in  being  somewhat  shorter  in  at  least  one 
case.  As  shown  in  Norton's  photographs,  preservation  can 
result  in  this  form  looking  somewhat  subisopolar  (pi.  3, 
figs.  8,9).  Norton  writes  (p.  142):  "the  reticulate 
sculpture  the  lumina  vary  in  size  from  the  pole  to  the 
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equator,  and  the  psilate  proximal  ends  of  the  body  protru¬ 
sions  distinguish  A.  reductus  from  similar  forms." 

Srivastava  (1968)  and  Snead  (1968)  recovered  this 
species  from  the  Edmonton  Formation.  Norton  (1965)  found 
this  species  in  the  Hell  Creek  Formation.  Both  formations 
are  of  Maestrichtian  age. 

Aquilapollenites  sp .  A 
£late  IV,  figure  3 

DESCRIPTION:  Isopolar;  tricolpate;  body  with  three  equa¬ 

torial  and  two  polar  projections;  colpi  typically  dinistinct, 
restricted  to  the  distal  portion  of  the  equatorial  projec¬ 
tions;  sexine  baculate,  bacula  2.5-3  microns  long,  bacula 
forming  reticulate  ornamentation;  ornamentation  reticulate 
on  body  and  polar  ptotrusions,  lumina  about  0.8  microns, 
on  equatorial  projections  reticulae  elongate  merging  into 
spine-like  extensions  diverging  away  from  middle  of  pro¬ 
jection  in  a  plumose  pattern,  plumose  extensions  up  to  2.5 
microns  beyond  projection  edge,  sometimes  extensions 
appear  to  dichotomize  or  trichotomize . 

SIZE  RANGE:  Polar  axis  32-36  microns.  Distance  from 
polar  axis  to  equatorial  projection  apex  22-28  microns. 
Diameter  of  equatorial  projection  10-12  microns.  Five 
specimens  measured. 

ILLUSTRATED  SPECIMEN:  EZ-69-9  #3-48.5/115. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet). 

REMARKS:  This  form  may  be  distinguished  from  other  similar 
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Aquilapollenites  species  by  the  plumose  ornamentation 
and  extensions  on  the  equatorial  projections. 

Aquilapollenites  sp .  B 
Plate  IV ,  figure  4 

DESCRIPTION:  Isopolar;  tridemicolpate ;  body  with  three 

equatorial  and  two  polar  projection;  equatorial  projections 
about  same  size  as  polar  projections;  demicolpi  long, 
located  within  the  concavities  formed  by  the  equatorial 
and  polar  projections;  sexine  baculate,  bacula  about  2 
microns  in  height;  bacula  forming  a  striate  ornamentation 
on  equatorial  projection  with  striae  appearing  to  diverge 
distally  toward  projection  border  and  apex. 

SIZE  RANGE:  Polar  axis  30-34  microns.  Distance  from 
polar  axis  to  apex  of  equatorial  projection  16-20  microns. 
Eight  specimens  measured. 

ILLUSTRATED  SPECIMEN:  EZ-69-9  #1-12/122.5. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet) . 

REMARKS:  This  form  can  be  distinguished  from  Aquilapol- 

lenites  sp.  A  by  the  presence  of  distinct  demicolpi  and 
the  restriction  of  the  striate  equatorial  projection 
ornamentation  to  not  beyond  the  margin  of  the  projections. 
It  seems  to  share  several  characters  with  A.  oblatus 
Srivastava  (1968b)  however  the  body  shape  is  much  more  oval 
or  oblate  in  Srivastava' s  species.  Srivastava  recovered 
his  species  from  Zone  III  of  the  lower  Edmonton  Formation. 

Genus  Mancicorpus  Mtchedlishvili  in  Samoilovitch  et_ 
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al .  1961  emend.  Srivastava  1968 

TYPE  SPECIES:  Mancicorpus  anchoriforme  Mtchedlishvili 

1961 

DIAGNOSIS:  Emended  diagnosis  of  Srivastava  (1968b  p.  695): 

Pollen  grains  heteropolar;  tricolpate;  polar  projec¬ 
tion  developed  on  one  pole  only,  on  the  other  side  of 
equatorial  axis  either  polar  projection  is  absent  or 
developed  into  a  small  "tubercle",  the  length  of  the 
undeveloped  pole  from  the  center  of  equatorial  axis 
to  the  tip  of  the  pole  is  less  than  half  the  length 
of  developed  polar  projection  from  the  center  of 
equatorial  axis  to  the  tip  of  that  pole;  body 
cylindrical  with  round  ends,  conical,  or  truncated 
conical;  equatorial  projections  form  a  right  or  an 
obtuse  angle  at  the  junction  with  the  body,  or  the 
angle  may  be  absent  and  the  line  of  junction  may  be 
slightly  convex;  equatorial  projections  long  or 
short,  broad  or  shomewhat  narrow,  flattened  in 
polar  plane;  colpi  narrow,  long,  sometimes  apparently 
curved,  becoming  wide  at  ends,  sometimes  demi- 
colpate;  sexine  baculate,  tegillate,  inf rareticulate 
clavate,  or  reticulate. 


Mancicorpus  senonicus  Mtchedlishvili 
Plate  IV,  figure  5 

1961  Mancicorpus  senonicus  Mtchedlishvili  in  Samoilovitch 
et  al .  Trudy  Vses.  Neft.  Nauch.  -  Issled.  Geol.  - 
RazoV.  Inst.  Leningrad,  vol.  177,  p.  244,  pi.  72, 
figs.  2a-e,  3. 

DESCRIPTION:  Pollen  grains  with  equatorially  situated 

apical  projections  and  with  one  projection  each  on  proximal 
and  distal  polar  region,  markedly  heteropolar;  one  polar 
projection  very  well  developed,  long,  slightly  conical  at 
pole,  round,  other  polar  projection  very  small,  polar  area 
conical;  equatorial  projections  three  in  number,  well 
developed,  long,  arising  from  neck  region  of  developed  polar 
projection  and  the  polar  area  of  the  reduced  polar  pro¬ 
jection,  apices  rounded;  tricolpate,  colpi  often  indistinct. 
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occur  across  apices  of  equatorial  projections  and  extend 
to  neck  of  developed  pole;  sexine  tectate,  baculate  at 
polar  area  of  developed  pole  and  equatorial  projections, 
ornamentation  reticulate  on  polar  projection,  muri  thick¬ 
ness  about  0.6  microns,  lumina  size  0.6  -  1  microns, 
reticulation  increases  in  size  in  neck  region  of  de¬ 
veloped  pole. 

SIZE  RANGE:  Polar  axis  26-32  microns.  Length  of  equa¬ 
torial  projection  from  polar  axis  20-24  microns.  Breadth 
of  apical  region  of  equatorial  projections  9-12  microns. 
Fifteen  specimens  measured. 

ILLUSTRATED  SPECIMENS;  EA-68-4  #4-12/123.2. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet) . 

REMARKS:  Conforms  to  specifications  given  by  Srivastava 

(1968d)  except  that  the  size  varies  and  seems  generally 
smaller  (polar  axis  26-32  microns  versus  32.5  -  36.5 
of  type  of  Mtchedlishvili ;  equatorial  projection  length 
20-26  microns  versus  24  microns  of  type)  both  in  general 
body  dimensions  and  in  size  of  ornamentation  (ie.  lumina 
.8-1  versus  1-1.6  microns  of  type) .  However  Sriv¬ 
astava  (1968d)  emphasizes  "M.  senonicus  can  be  distin¬ 
guished  from  other  similar  species  by  reticulate  ornam¬ 
entation  at  polar  projections  and  absence  of  spinules"  to 
which  my  specimens  conform.  Bihl  (1968)  gives  a  size 
range  for  the  polar  axis  of  22  -  27  microns.  He  also 
found  the  species  in  Srivastava' s  Zone  IV  so  that  it  is 
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not  confined  to  Zone  III  of  the  Edmonton  Formation 
(Srivastava  1968). 

Mancicorpus  cf .  M.  rostratus  Srivastava 
Plate  IV,  figure  6 

1968  Mancicorpus  rostratus  Srivastava;  Can.  J.  Bot.,  vol . 

46,  no.  12,  p.  1487,  pi.  II,  fig.  11,  12. 

DESCRIPTION:  Pollen  grains  with  three  equatorially  sit¬ 

uated  apical  projections  and  one  projection  developed  on 
one  of  the  poles,  on  other  pole  only  vestigial  polar 
projection  represented  by  slight  bulge;  heteropolar;  equa¬ 
torial  projections  long,  flattened,  meridional  arising 
from  polar  regions  and  extending  into  narrow  projections 
with  rounded  apices;  tricolpate,  colpi  short,  meridional 
across  the  apices  of  the  equatorial  projections;  (wall 
structure  not  obvious) ;  ornamentation  reticulate  to 
infrareticulate ,  muri  low  forming  irregular  reticula, 
reticula  become  elongate  on  equatorial  projections  and 
fade  into  infrareticulate  ornamentation  on  apices;  a 
row  of  spinules  border  colpi  in  apical  region  of  equatorial 
projections,  breadth  of  spinule  about  1.2  microns,  length 
about  1.5  microns,  acuminate,  spinule  apices  curved  toward 
poles . 

SIZE:  Polar  axis  32  microns.  Apical  breadth  of  equatorial 

projections  11  to  14  microns.  Distance  from  centre  of 
polar  axis  to  tips  of  equatorial  projections  40  microns. 
ILLUSTRATED  SPECIMEN:  EZ-69-9  #6-19.3/123. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet) . 
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REMARKS:  Mancicorpus  rostratus  Srivastava  (1968d)  differs 

from  this  specimen  in  having  generally  larger  dimensions 
(polar  axis  44  microns,  spinule  length  1.5  to  2  microns) 
and  apparently  better  developed  reticular  ornamentation; 
in  other  respects  it  compares  quite  closely  with  the  single 
specimen  recovered. 

Srivastava ' s  (1968)  Zones  II  to  VI  of  the  Edmonton 
Formation,  middle  division.  Maestrichtian . 

I 

Genus  Mtchedlishvilia  Srivastava  1969 
TYPE  SPECIES:  Mtchedlishvilia  canadiana  Srivastava  1969 
(in  press)  . 

DIAGNOSIS:  Pollen  grains  with  three  well  developed  equa¬ 

torial  projections  and  without  any  polar  projections, 
polar  axis  considerably  compressed  compared  to  equatorial 
axis;  tricolpate,  colpi  meridional,  long  or  short,  across 
the  equatorial  projections  sexine  thin,  vaiable  ornamen¬ 
tation  . 

Mtchedlishvilia  canadiana  Srivastava 

Plate  IV,  figure  7 

1969  Mtchedlishvilia  canadiana  Srivastava  (in  press) . 
DESCRIPTION:  Pollen  with  three  equatorially  situated 

apical  projections  and  without  any  developed  polar  pro¬ 
jections;  polar  axis  considerably  compressed;  equatorial 
projections  well  developed,  long  equatorially  connected 
with  each  other  by  thin  sexine;  a  meridional  ridge  of 
thicker  sexine  extends  from  the  pole  on  the  convex  sur¬ 
face  down  the  convex  sides  to  the  equatorial  projections 
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(probably  also  on  the  concave  side  but  the  orientation 
and  lack  of  many  specimens  did  not  permit  discovery  of 
this) ;  tricolpate,  colpi  small  on  apices  of  equatorial 
projections;  sexine  reticulate,  reticula  large  and 
elongated  on  polar  regions,  colpi  margins  (apices  of  pro¬ 
jections)  echinate,  spinules  quite  short  (1.5  microns) 
and  relatively  broad  (0.6  microns). 

SIZE:  Width  from  projection  to  projection  across  poles 

43  microns.  Breadth  of  equatorial  projection  near  apex 
8  microns. 

ILLUSTRATED  SPECIMEN:  EA-68-4  #5-46/121.3. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet) . 

REMARKS:  Only  a  single  specimen  was  recovered.  It  falls 

within  the  lower  range  of  sizes  given  for  the  type.  The 
ornamentation  did  not  seem  as  pronounced  as  the  type  but 
this  may  be  a  function  of  preservation. 

Srivastava's  (1968)  Zones  II  to  V,  lower  and  middle 
divisions  of  the  Edmonton  Formation.  Maestrichtian . 

Bihl  (1968)  top  of  Zone  IVa ,  lower  Edmonton  Formation. 

i 

Genus  Pseudo tricolpites  Stanley  1965 
TYPE  SPECIES:  Pseudo tricolpites  reticulatus  Stanley 
1965 

DIAGNOSIS:  Prolate  pseudotricolpate  pollen  grains;  two 

colpi-like  indentations  extend  nearly  the  length  of  the 
pollen  grain;  typically  the  exine  is  ruptured  at  or  near 
a  position  where  the  third  colpus  would  occur  in  a  normal 
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tricolpate  grain,  at  this  position  the  exine  is  not  in¬ 
dented  and  normally  the  rupture  is  shorter  than  and  slightly 
oblique  to  the  two  true  colpi;  ornamentation  apparently 
of  clavae  forming  a  reticulate  tectum. 

Pseudo tricolpites  cf.  P.  reticulatus  Stanley 

Plate  IV,  figure  11 

1965  Pseudo tricolpites  reticulatus  Stanley;  Bull.  Am. 

Paleont.,  vol .  49,  no.  222,  p.  317,  pi.  46,  figs.  26- 
33  . 

DESCRIPTION:  Slightly  prolate  pseudotr icolpate  grains; 

shape-class  index  about  1.0  to  1.1;  two  colpi-like  inden¬ 
tations  extend  nearly  the  length  of  the  pollen  grain;  exine 
ruptured  at  or  near  the  position  where  the  third  colpus 
would  occur  in  a  normal  tricolpate  pollen  grain,  at  this 
position  the  exine  is  not  indented,  the  rupture  is  shorter 
than  and  slightly  oblique  to  the  ture  colpi;  sexine 
elements  appear  to  be  clavae  which  join  distally  to  form 
a  reticulate  tectum,  clavae  length  about  0.6  microns. 

SIZE  RANGE:  Length  of  polar  axis  18.5  to  22.5  microns. 
Equatorial  diameter  17.5  to  22  microns.  Three  specimens 
measured . 

ILLUSTRATED  SPECIMEN:  ED-69-1  #3-16/126.5. 

LOCALITY:  Fish  Creek  (near  Bell's  1945  collecting  site) 

locality,  above  the  Entrance  Conglomerate  (about  3,500 
feet) .  Athabasca  Ranch  outcrop  locality,  above  the 
Entrance  Conglomerate  (about  3,000  feet). 

REMARKS:  These  specimens  differ  from  the  type  in  having 

a  larger  size  than  its  15  to  18  microns  polar  axis  and  13 
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to  16  microns  diameter,  and  in  being  slightly  less  pro¬ 
late.  The  ornamentation  and  morphology  compare  closely 
with  Stanley's  (1965)  description. 

Stanley  (1965)  ,  Fort  Union  Formation  (Paleocene) 
and  Hell  Creek  Formation  (Maestrichtian) . 

Genus  Tetracolpites  Vimal  1952  ex  Srivastava  1966 
TYPE  SPECIES:  Tetracolpites  reticulatus  Srivastava  1966. 
DIAGNOSIS:  Tetracolpate  pollen;  colpi  long,  wedge-shaped; 

amb  circular,  pollen  flattened  along  polar  axis;  exine 
reticulate . 

Tetracolpites  cf.  T.  reticulatus  Srivastava 
Plate  IV,  figure  12 

1966  Tetracolpites  reticulatus  Srivastava;  Pollen  Spores, 
vol.  8,  no.  3,  p.  546,  pi.  VIII,  fig.  27. 

DESCRIPTION:  Tetracolpate  pollen  grain  amb  circular, 

body  flattened  along  polar  axis;  four  colpi,  colpi 

reaching  polar  area,  broad  at  equator  giving  four  sided 

appearance,  about  7  microns  wide;  exine  finely  reticulate, 

lumina  about  0.5  microns. 

SIZE:  Equatorial  diameter  30  microns. 

ILLUSTRATED  SPECIMEN:  EZ-69-8  #5-15.3/118.5. 

LOCALITY:  Hardisty  Creek  locality,  above  the  Entrance 

Conglomerate  (about  75  feet). 

REMARKS:  Only  a  single  specimen  was  found.  It  conforms 

with  the  description  given  for  Tetracolpites  reticulatus 
except  for  the  smaller  size  of  this  specimen.  Srivastava 
(1966)  gave  the  equatorial  diameter  of  the  holotype  as  39 
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microns . 

Srivastava' s  (1968)  Zone  VIII  of  the  Edmonton  Form¬ 
ation  (from  Mammal  Quarry  above  the  Kneehills  Tuff  Member) . 

Genus  Tricolpites  Cookson  1947  ex  Couper  1953  emend.  Potonie 

1960 

DIAGNOSIS:  Free,  isopolar,  tricolpate  pollen  grains; 

exine  of  variable  thickness,  finely  reticulate  (lumina 
less  than  1  micron  according  to  Srivastava  1968) ;  size 
variable . 

REMARKS:  Srivastava  (1968)  gives  an  account  of  the  various 

definitions  and  emendations  of  the  species  Tricolpites. 
Therein  he  designates  Re ti tricolpites  van  der  Hammen  1956 
as  a  junior  synonym  of  Tricolpites . 

Tricolpites  hians  Stanley 
Plate  IV,  figure  10 

1965  Tricolpites  hians  Stanley;  Bull.  Paleont.,  vol.  49, 
no.  222,  p.  321-322,  pi.  47,  fig.  24-27. 

DESCRIPTION:  Oblate  tricolpate  pollen  grains;  outline  in 

polar  view  circular;  colpi  long,  straight  and  open  aop- 

colpium  moderate  to  small;  exine  about  1.0  microns  thick; 

sexine  elements  consisting  of  muri  forming  a  reticulum 

with  lumina  about  0.2  microns  wide. 

SIZE  RANGE:  Equatorial  diameter  17.5  to  19  microns. 

Four  specimens  measured. 

ILLUSTRATED  SPECIMEN:  EC-68-2  #3-28.2/123.8. 

LOCALITY:  Athabasca  Ranch  outcrop  locality,  above  the 
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Entrance  Conglomerate  (about  3,000  feet). 

REMARKS:  Stanley  gives  a  size  range  of  18  to  20  microns 

for  this  species.  While  most  of  my  specimens  are  within 
this  size  range,  a  few  are  slightly  smaller. 

Stanley  (1965)  Fort  Union  Formation.  Paleocene. 

Tricolpites  cf.  T.  vulgaris  (Pierce)  Srivastava 

Plate  IV,  figure  9 

1961  Re ti tricolpites  vulgaris  Pierce;  Univ.  Minn.  Geol. 

Surv.  Bull.  42 ,  p.  50,  pi.  3,  fig.  101,  102. 

1969  Tricolpites  vulgaris  (Pierce)  Srivastava;  (in  Press) 

DESCRIPTION:  Tricolpate  pollen  grains;  amb  almost  circular, 

colpi  large,  tapering  at  ends;  sexine  layers  indistinct; 

ornamentation  reticulate,  lumina  about  0.8  microns,  some 

smaller  and  a  few  larger,  irregular;  muri  simplibaculate , 

about  0.5  microns  thick. 

SIZE:  Equatorial  diameter  31  microns. 

ILLUSTRATED  SPECIMEN:  EA-68-4  #2-9.6/124.1. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet) . 

REMARKS:  Only  a  single  specimen  of  this  form  was  found. 

This  specimen  was  larger  than  the  size  given  by  Pierce 

(1961)  for  the  type  but  falls  within  Srivastava' s  (1968) 

range  of  17  to  37.6  microns. 

/ 

Albian  (Norris  1967) ,  Cenomanian  (Pierce  1961)  to 
Maestr ichtian  (Srivastava  1968).  T.  vulgaris  occurs  in 
Srivastava' s  (1968)  Zones  II  to  VI  of  the  Edmonton  Form¬ 
ation  (below  the  Kneehills  Tuff  Member) . 
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Genus  Wodehousea  Stanley  1961 
TYPE  SPECIES:  Wodehouseia  spinata  Stanley  1961. 

DIAGNOSIS:  Tetraporate  sporomorphae ;  dor so-ventral  out¬ 

line  elliptical  to  slightly  dumbbell-shaped,  a  well 
developed  equatorial  flange  always  present;  outline  in 
lateral  view  more  or  less  lens-shaped  to  elliptical; 
overall  size  range  approximately  40  to  90  microns.  Central 
body  distinctly  to  occasionally  indistinctly  tetraporate; 
ornamentation  on  both  surfaces  of  central  body  granulose 
and  also  spinose  or  fimbriate.  Pores  constantly  four  in 
number  with  two  located  on  each  surface  of  the  body  at 
about  one-quarter  the  total  body  length  from  each  end. 
Flange  cingulum-like  in  cross-section,  always  reinforced 
with  spinae,  fimbriae,  or  both;  flange  widest  along 
lateral  edges  of  body  and  slightly  to  considerably  narrower 
at  the  ends  of  the  body. 

,Wodehousea  spinata  Stanley 
Plate  IV,  figure  8 

1961  Wodehouseia  spinata  Stanley;  Pollen  et  Spores,  vol . 

3  no.  1,  p.  157-158  ,  pi.  1,  figs.  1-12. 

1961  Kryshtof oviana  vera  Samoilovitch  in  Samoilivitch 

et  al .  Trudy  Vses.  Neft.  Nauch . -Issled .  Geol.-Razv. 
Inst.,  Leningrad,  vol.  177,  pi.  233,  pi.  75,  figs, 
la-d,  2,  3a-c 

1961  Duplexipollis  oculatus  Chlonova;  Trudy  Inst.  Geol . 
Geophys . ,  Acad.  Nauk  SSSr.  Novosibirsk,  vol.  7, 
p.  81,  pi.  13,  figs.  96,  96a. 

DESCRIPTION:  Tetraporate  sporomorph;  dor so-ventral  out¬ 

line  of  body  elliptical  with  well  developed  flange;  flange 
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widest  along  lateral  edges  from  5  to  10  microns,  from  1 
to  4  microns  at  longitudinal  ends;  membrane  of  flange 
pitted  and  supported  by  spines  5  to  12  microns  long  ex¬ 
tending  beyond  flange,  spines  numbering  10  to  14  on  each 
surface;  two  pores  on  each  surface  of  body,  pores  el¬ 
liptical  to  slit-like  with  elongation  parallel  to  minor 
axis  to  body,  pore  size  1  to  2  microns  by  5  to  7  microns; 
exine  finely  granulate  with  knobs  sparsely  distributed  on 
body . 

SIZE  RANGE:  Length  -  including  flange  36  to  44  microns; 
excluding  flange  32  to  44  microns.  Width  -  including 
flange  18  to  32  microns;  -  excluding  flange  14  to  18  mic¬ 
rons.  Nine  specimens  measured. 

ILLUSTRATED  SPECIMEN:  EA-68-4  #2-42/122.7. 

LOCALITY:  Entrance  quarry  road  outcrop  locality,  below 

the  Entrance  Conglomerate  (about  75  feet  in  coaly  shale- 
bentonite  interbeds;  about  15  feet  in  lenses  of  silt  in 
uppermost  massive  sandstone  of  Brazeau  Formation) . 
REMARKS:  The  body  size  falls  within  the  range  given  by 

Stanley  for  the  type  except  in  one  case  where  the  sporo- 
morph  appeared  to  be  squashed  laterally.  Flange  width 
varied  as  was  mentioned  by  Stanley  for  the  type  although 
on  a  few  of  my  specimens  the  flange  at  the  longitudinal 
ends  was  considerably  shorter.  Preservation  varied  great 
ly  -  some  specimens,  particularly  if  squashed  laterally, 
stained  very  darkly  while  others  stained  faintly  and  were 
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much  corroded  particularly  on  the  pore  edges  -  even  with¬ 
in  a  particular  sample  (EA-68-5) .  Stanley  mentions  11 
spinae  being  present  on  each  flange  surface  presumably 
supporting  the  flange;  generally  my  specimens  had  a  few 
more  spinae.  These  spinae  went  beyond  the  flange  margin 
as  in  the  type.  Knobs  on  the  body  of  the  sporomorph  were 
not  as  distinct  as  those  shown  in  photographs  of  the  type 

Srivastava  (1968,  p.  248)  mentions  that  this  species 
"has  been  recorded  from  Maestrichtian  to  Paleocene  strata 
of  Siberia  (Samoilovitch  et  ad.  1961;)  and  from  Maestrichtian 
strata  of  U.S.A.  (Stanley  1961,  1965;  Norton  and  Hall 
1965,  1969)  and  Canada  (Srivastava  1966,  1967)".  To  these 
could  be  added  Leffingwell  (1966)  in  U.S.A.  and  Snead  (1968) 
in  Canada . 

In  Alberta,  Srivastava  (1968)  finds  this  species 
only  in  his  Zone  VIII  of  the  Edmonton  Formation  above 
and  slightly  below  the  Kneehills  Tuff  Member,  and  Snead 
(1968)  in  his  ’zone’  A  of  the  Edmonton  Formation  but  only 
above  the  Kneehills  Tuff  Member. 

Srivastava  (1968)  corrected  the  Latinization  by 
spelling  Wodehousea  without  the  ' i ' . 
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APPENDIX  A  —  SAMPLING  AND  PROCESSING 
Location  of  Sampling  Sites 

An  attempt  was  initially  made  to  keep  the  argument  of 
this  thesis  within  a  single  structural  feature,  the  Entrance 
Syncline,  and  thereby  avoid  questions  of  local  correlation. 
Unfortunately  the  outcrops  did  not  coincide  with  this  approach. 
Samples  were  recovered  during  the  Fall  of  1968  and  the  Winter 
of  1969  from  both  sides  of  the  Prairie  Creek  Anticline  which 
contains  a  fairly  large,  north-east  dipping,  reverse  fault 
along  part  of  its  axis.  T  am  quite  confident  of  the  equival¬ 
ence  of  the  conglomerate  at  Hardisty  Creek  and  the  conglomerate 
just  west  of  Entrance.  The  fice  sampling  sites  are  all  with¬ 
in  a  five  and  one-half  mile  radius  of  the  town  of  Hinton's 
Canadian  National  Railway  station  at  Lsd.  5,  Sec.  14,  Twp. 

51,  Rge.  25,  E ‘5th  Mer .  Their  locations  are  shown  on  Figure 
2  which  was  compiled  from  Lang's  (1947)  Map  843A  and  from 
Sheet  No.  83F5,  Forest  Covers  Series  of  the  Alberta  Surveys 
Branch,  Department  of  Lands  and  Forests. 

Figure  3  shows  the  stratigraphic  position  of  the  local¬ 
ities.  Emphasis  is  on  the  general  relationships  of  the 
localities  to  the  Entrance  Conglomerate  and  to  one  another. 

Most  outcrops  in  the  area  are  small  and  their  discontinuity 
would  make  the  compilation  of  a  continuous  section  very 
difficult,  if  not  impossible.  The  general  lithology  of  the 
sample  material  is  noted  on  Figure  3.  A  lithologic  summary 
of  the  Entrance— area  Brazcau  Formation  and  post— Brazeau  beds 
illustrated  in  Figure  3  is  excerpted  from  Lang  (1947)  and 
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placed  at  the  beginning  of  the  'Stratigraphy  Review'  section 
of  the  thesis.  Detailed  access  instructions  to  localities 
are  given  in  Appendix  B. 

Collecting  Procedure 

Spot  samples  one-half  foot  to  two  feet  deep  were  taken 
from  shales,  coaly  shales,  shaly  to  silty  coals,  coals  and 
coaly  sandstones.  (The  coals  and  sandstones  were  later  found 
to  yield  few  angiosperm  pollen) .  At  the  abandoned  coal 
mine  locality  (EB-68) ,  the  sample  was  taken  from  the  waste 
dump  —  large  coal  chunks  were  selected  and  the  interior  of 
these  sampled.  All  exposures  sampled  were  topographically 
steep  and  in  place.  Depth  of  sample  pits  was  determined  by 
the  lithology.  For  instance,  those  in  coaly  sandstone,  in 
small  lenses  in  sandstone  or  in  frozen  bedrock  were  relative¬ 
ly  shallow,  whereas  those  in  shales  were  up  to  two  feet  deep. 
An  attempt  was  made  to  keep  the  collecting  tools  clean  be¬ 
tween  samples  and  to  prevent  surface  contamination  of  the 
samples  in  the  field.  Upon  collection,  samples  were  stored 
in  labelled  polythene  bags  until  processed. 

Laboratory  Processing 

The  procedure  for  processing  palynological  samples  was 
basically  similar  to  that  of  Srivastava  (1968,  p.  6)  and 
Jane  Grey  (Kummel  and  Raup,  1965,  p.  530) .  A  major  modifica¬ 
tion  was  the  use,  on  some"samples ,  of  the  filter  funnel 
rather  than  the  centrifuge  for  washing  samples  with  distilled 
water  after  various  chemical  steps.  Six  samples  were  washed 
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using  the  centrifuge  method;  thirteen  samples  were  washed 
using  the  filter  funnel  method.  Heavy  liquid  flotation 
separation  was  not  used. 

About  10  to  20  grams  of  sample  were  broken  down  by  mortar 
and  pestle  to  pea-size  and  then  transferred  to  labelled 
plastic  beakers.  Samples  were  tested  for  carbonates.  If 
they  tested  positive,  they  were  treated  in  concentrated 
hydrochloric  acid  for  twelve  hours  or  until  the  reaction 
seemed  to  have  stopped.  The  acid  was  decanted  and  the 
sample  washed  with  distilled  water  until  neutralized.  Con¬ 
centrated  hydrofluoric  acid  was  then  carefully  added  to 
remove  silicates.  The  time  taken  for  this  process  varied 
but  was  always  at  least  24  hours.  The  sample  was  stirred 
and  checked  for  completeness  of  silica  disintegration.  In 
some  cases,  the  acid  was  decanted  and  fresh  acid  added  until 
disintegration  occurred.  Then  the  acid  was  neutralized  by 
repeated  additions  of  distilled  water  followed  by  decanting 
after  settling.  This  procedure  usually  took  two  days. 

At  this  stage  the  residue  was  either  placed  in  a  filter 
funnel  or  in  a  200  cc .  centrifuge  bottle  where  the  following 
reactions  were  carried  out.  Between  each  processing  step 
the  residue  was  washed  with  distilled  water  to  avoid 
undesirable  side  reactions. 

The  residue  was  treated  with  freshly  prepared  Schulz's 
solution  (solid  potassium  chlorate  and  concentrated  nitric 
acid)  to  oxidize  carbonaceous  matter.  Periodic  visual  checks 
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determined  whether  any  microfossils  were  being  destroyed. 

The  average  time  per  sample  was  thirty  minutes.  Reaction  was 
stopped  by  dilution  with  distilled  water. 

Additional  organic  debris  was  dissolved  by  suspending 
the  sample  in  a  2%  potassium  hydroxide  solution  for  about  15 
minutes  until  the  solution  turned  dark  brown.  Reaction  was 
again  stopped  by  dilution. 

Because  of  the  various  lithologies  treated,  the  duration 
of  each  of  the  respective  steps  varied  considerably.  The 
residue  was  stored  in  aqueous  solution  in  small  glass  vials. 

Slide  Preparation 

A  solution  of  the  following  was  made  in  a  tiny  glass 
vial:  a  small  amount  of  moderately  viscous  elvanol  (a  poly¬ 

vinyl  alcohol  that  hydolyses  in  water),  a  drop  of  0.5% 
Safrinin  0  solution,  and  a  few  drops  of  the  sample  residue. 

A  cleaned  coverslip  (preferably  22X50  mm.  but  most  often 
22X22  mm.)  was  placed  on  a  flat  surface.  Onto  this  slip  the 
above  solution  was  evenly  spread.  While  protected  by  a 
dust  cover,  .the  slip  was  left  a  number  of  hours  to  dry  (this 
time  could  be  shortened  by  heating) .  With  the  coverslip 
lying  spore-side-up  on  a  warm  hotplate,  Canada  balsam  was 
spread  onto  the  coverslip  and  the  slip  in  turn  placed  on  a 
warm  slide.  Air  bubbles  were  pressed  out  from  between  the 
two  glass  surfaces  and  most  of  the  excess  balsam  removed. 
Spores  and  pollen  should  have  settled  to  the  coverslip  sur- 
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face  where  they  remain  allowing  clear  focus  even  at  high 
power.  Slides  were  then  properly  labelled  and  allowed  to 
dry.  Usually  two  22X22  mm.  slips  were  placed  on  the  right 
2/3  of  the  slide.  At  least  four  and  sometimes  ten  slides 
were  prepared  for  each  sample. 

Slide  Examination  and  Photography 
Slides  were  examined  with  their  labels  on  the  left 
through  a  Leitz  Orthomat  microscope  No.  594208  with  attached 
camera.  At  least  three  slides  per  sample  were  scanned  with 
X10  objective.  After  each  vertical  scan  the  slide  was  moved 
the  width  of  the  field  and  another  scan  made. 

Photomicrographs  were  taken  by  Orthomat  microscope 
camera  on  Adox  KB  14  35  mm.  film,  mainly  under  objective 
X10 0  (oil  immersion) .  Palynomorphs  larger  than  this  field 
of  view  were  photographed  with  the  X40  objective.  Poly¬ 
contrast  filters  were  used  for  producing  contrast  when 
needed . 

Printing  was  usually  done  by  Kodak  Kodabromide  F2 , 
single  weight  paper.  All  specimens  on  the  plates  are 
illustrated  at  a  magnification  of  X  400  or  X1000. 

Slide  Deposition  and  Labelling 
All  slides  are  deposited  in  the  Micropaleontological 
Laboratory,  Department  of  Geology,  University  of  Alberta, 
Edmonton,  Alberta,  Canada.  Slides  are  labelled  by  locality. 
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Samples,  where  a  number  were  taken  from  one  outcrop,  are 
labelled  from  lowest  to  highest  samples  stratigraphically . 


The  locality 

labels  are  as  follows: 

EA-68 : 

Entrance  quarry  road  locality 

EAX-68 : 

Entrance  quarry  road  locality  15  to  25  feet  be 

low  the  base  of  the  Entrance  Conglomerate  in  coaly  shale 
lenses 

EB-68 :  Abandoned  coal  mine  locality 


EC-6  8  : 

Athabasca  Ranch  locality 

ED-69  : 

Fish  Creek  (near  Bell's  1945  collecting  site) 

locality 


EZ-69  : 

Hardisty  Creek  locality. 
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APPENDIX  B  —  ACCESS  TO  LOCALITIES 
Entrance  Quarry  Road  Locality  (EA-68) 

Location:  Lsd.  4,  Sec.  1,  Twp .  51,  Rge.  26,  W.  5th  Mer. 

(Longitude  117 ° 42 ' 1 5 "W . ,  latitude  53°22'12"N.) 

This  outcrop  occurs  in  a  30  foot  roadcut  on  the  south 
side  of  the  North  West  Pulp  and  Power  private  road  which 
trends  southwest  along  the  south  side  of  the  Athabasca  River 
after  branching  off  the  main  road  crossing  the  Athabasca 
River  going  to  Grande  Cache.  It  is  1.2  miles  by  road  from 
this  turn-off  to  the  outcrop.  The  road  is  subparallel  and 
just  north  of  the  Canadian  National  main  line  in  this  area. 
Above  the  road  outcrop,  the  Entrance  Conglomerate  is  exposed 
in  a  gravel  quarry  immediately  south  of  the  main  line.  The 
quarry  is  accessible  either  by  walking  uphill  from  the  road 
outcrop  or  by  driving  through  the  hamlet  of  Entrance  and 
along  railroad  property  to  about  one-half  mile  west  of  a 
section  house  --  this  road  is  not  kept  up. 

Geologically,  the  outcrop  is  on  the  axis  of  the  Entrance 
Syncline  just  north  of  the  Entrance  Conglomerate  which  plunges 
to  the  south. 

Abandoned  Coal  Mine  Locality  (EB-68) 

Location:  Lsd.  4,  Sec.  29,  Twp.  50,  Rge.  25,  W.5th  Mer. 

(Longitude  117°38'W.,  latitude  53°20'20"N.) 

This  small  mine  was  abandoned  in  the  early  1950's.  No 
buildings  remain.  It  is  located  just  south  of  Cold  Creek  and 
is  easily  accessible  by  a  road  and  trail  which  originate 
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from  the  south  side  of  Highway  16.  This  road  branches  off 
Highway  16  three-quarter  mile  northeast  of  the  Grande  Cache- 
Entrance  Provincial  Park  turn-off.  The  road,  which  becomes 
a  trail  after  about  one-half  mile,  is  about  2  miles  long  in 
total . 

Geologically,  this  mine  was  located  in  the  Entrance 
Syncline  one-half  mile  to  the  south-west  of  its  axis. 

Athabasca  Ranch  Locality  (EC-68) 

Location:  Lsd.  11,  Sec.  26,  Twp.51,  Rge .  25,  W.5th  Mer . 

(Longitude  117 0 34 ' 35 "W. ,  latitude  53026'8"N.) 

This  outcrop  is  on  the  south  side  of  Fish  Creek.  It  is 
located  about  50  yards  to  the  west  of  the  barbecue  pit  of  the 
Athabasca  Ranch.  This  is  private  property  and  the  manager 
or  the  owner,  Mrs.  Davison,  should  be  contacted  if  entry  is 
required.  The  ranch  is  accessible  most  easily  from  Hinton 
by  crossing  the  Athabasca  River  just  behind  the  N.W.P.&P. 
plant  on  a  single  lane  truck  bridge  and  entering  the  ranch 
gates  on  the  north  side  of  the  road  and  river  after  crossing 
the  bridge. 

Geologically,  this  outcrop  is  located  on  the  extreme 
north  flank  of  the  Prairie  Creek  Anticline. 

Fish  Creek  (near  Bell's  1945  collecting  site)  Locality  (ED-69) 
Location:  Lsd.  11,  Sec.  33,  Twp.  51,  Rge.  25,  W.5th  Mer. 

(Longitude  117 °37 ' 45 "W. ,  latitude  53°26'55") 

This  outcrop  is  located  on  the  east  side  of  Fish  Creek 
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beneath  a  vertical  sandstone  cliff  about  20  yards  north  of  a 
bridge  crossing  the  creek.  The  roads  on  this  area  are  N.W.P. 
&P.  private  roads.  The  bridge  crossing  Fish  Creek  is 
accessible  from  Hinton  by  road  crossing  the  Athabasca 
River  just  north  of  the  town  (same  one  used  to  get  to  the 
Athabasca  Ranch)  and  trending  northeast,  northwest,  then 
west-southwest.  The  bridge  is  2.1  miles  southwest  from 
the  turn-off  onto  a  road  that  goes  north  to  Camps  7,  27, 
and  29.  This  particular  turn-off  is  about  5  road  miles 
from  the  bridge  crossing  the  Athabasca  River.  At  all  major 
forks  in  the  road  the  left-hand  turn,  as  one  proceeds  away 
from  Hinton  should  be  made. 

Geologically,  this  outcrop  is  located  on  the  extreme 
north  flank  of  the  Prairie  Creek  Anticline. 

Hardisty  Creek  Locality  (EZ-69) 

Location:  Lsd.  3,  Sec.  13,  Twp.  51,  Rge.  25,  W.5th  Mer . 

(Longitude  117°33,2"W.,  latitude  53°23'50"N.) 

These  outcrops  are  located  on  both  sides  of  Hardisty 
Creek.  The  seven  stratigraphically  lower  samples  were 
collected  within  an  area  100  yards  long  on  both  sides  of 
the,  then,  frozen,  creek  where  the  Entrance  Conglomerate 
is  completly  exposed  in  a  25  foot  vertical  cliff.  This 
exposure  can  be  seen  from  a  trail  lying  to  the  east  of  the  - 
creek.  The  trail  parallels  the  creek  and  probably  is  the 
easiest  way  of  getting  to  the  outcrop.  It  is  about  1  mile 
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from  Highway  16  to  the  exposure  along  this  trail.  The 
trail  starts  from  the  south  side  of  Highway  16  approximately 
where  the  highway  crosses  Hardisty  Creek  1  1/4  miles  northeast 
of  the  south  Forestry  Trunk  Road  junction.  The  two  samples 
from  the  shales  stratigraphically  above  the  Entrance  Con¬ 
glomerate  were  collected  from  an  outcrop  on  the  east  side 
of  the  creek  about  one-tenth  of  a  mile  north  of  the  more 
obvious  outcrop.  This  second  outcrop  is  best  reached  by 
following  the  stream  bed  downstream  from  the  conglomerate 
until  the  shale  outcrop  is  encountered. 

Geologically,  this  outcrop  is  located  on  the  north 
flank  of  the  Prairie  Creek  Anticline  which  is  separated 
from  the  Entrance  Syncline  by  a  fairly  large  reverse  fault 


at  the  anticline  axis. 
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PLATE  I 

(All  figures  magnified  x  100  unless  noted  otherwise) 
Form  L  (leiofusid) ;  x  400 

Plur  icollaespor  i  tes  sp.  cf .  P.  ps.ilatus  Clarke 

Stereisporites  antique spor ites  (Wilson  and 
Webster)  Dettraann;  proximal  view. 

Lycopod  iumspor  lies  pap .illaespor ites  (Rouse) 
Srivastava;  proximal  view. 

Lycod iumspor ites  sp.  A;  proximal  view 

Cyathidites  minor  Couper;  proximal  view 

Gleichen.iidites  sp.  cf.  G.  senonicus  Ross, 
proximal  view. 

Baculatisporites  cf.  B.  comaumensis  (Cookson) 
Potonie;  Proximo-lateral  view,  spore  torn. 

Osmundac id ites  cf.  0.  wellmanii  Couper;  proximal 
view. 

N  \ 

Polypod iispor ites  f avus  (Potonie)  Potonie; 
lateral  view. 

Polvpod iispor ites  sp.  (of  Snead  1968);  lateral 
view. 

Cicatricosispor ites  cf.  C.  striatus  Rouse;  x  400, 

.  distal  view. 

Cicatricosispor ites  sp.;  x  400,  proximal  view. 
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PLATE  II 


(All  figures  magnified  x  1000  unless  otherwise  noted) 

1  Ba 1 me i s po r i t e s  sp.  C  Snead;  x  4  00,  fragment.  6  6 

2  Balmcispor ites  sp.  D;  x  4  00.,  lateral  view.  67 

3  Cycadopites  cf.  C.  follicular is  Wilson  and 

Webster;  proximal  view.  77 

4  Equisetosporit.es  sp.  aff.  E.  la  j  want  is  Srivastava; 

lateral  view.  -  80 

5  Taxodiaceaepol leni tes  hiatus  Kremp;  lateral 

view.  78 

6  Laeviqatospori tes  ovatus  Wilson  and  Webster; 

proximo-lateral  view.  73 

7  Laevigatospor ites  haardti  (Pot.  and  Ven.) 

Thomson  and  Pflug;  lateral  view,  74 

8  Deltoidospora  diaphana  Wilson  and  Webster; 

proximal  view.  72 

9  Leptolepidites  c f .  L.  tenuis  Stanley; 

proximo-lateral  view.  •  75 

10.1  Sch.izosporis  complexus  Stanley;  equatorial  focus, 

proximal  vi ew  76 

10.2  Schizosporis  complexus  Stanley;  high  focus; 
proximal  view. 


76 
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TABLE  III 


(All  figures  magnified  x  1000  unless  otherwise  noted) 


1.1 

Liliacidites  minis  Srivastava;  equatorial  focus, 
proximal  view. 

81 

1.2 

Liliacidites  mirus  Srivastava;  hiqh  focus, 
proximal  view. 

81 

2 

Liliacidites  sp.  (of  Srivastava  1966) ;  lateral 
view. 

82 

3.1 

Alnipollenites  trina  (Stanley) ;  4-pored  form, 
distal  view. 

83 

3.2 

Alnipollenites  trina  (Stanley) ;  3-pored  form, 
distal  view. 

83 

4 

Pollen  cf.  Liriodendron  psilopites  Wodehouse; 
proximal  view. 

92 

5 

Carpinites  suhtr iangUla  (Stanley);  polar  view 

85 

6 

Erdtmanipollis  pachysandroides  Krutsch 

86 

7 

Myriophyllum  cf.  M.  ambiguipites  Wodehouse; 
polar  view. 

8  8' 

8 

Fraxinoipollenites  variabilis  Stanley; 
prorniximal  view. 

95 

8 

Nyssapollenites  cf.  N.  parvus  Srivastava; 
polar  view 

94 

10 

Salixipollenites  sp.  cf.  S.  sp.  A  Snead;  polar 
view  o 

99 

11 

Caryapollen.ites  scabratus  Groot  and  Groot; 
polar  view. 

89 

12 

Cranwellia  rumseyensis  Srivastava;  polar  view. 

91 

13.1 

Proteac.idites  cf.  P.  thalmanni  Anderson;  polar 
view . 

•  / 

97 

13.2 

Protaecidites  cf.  P.  thalmanni  Anderson;  polar 
view. 

97 

14 

Proteac.idites  thalmanni  Anderson  var .  major 
Srivastava;  polar  view. 

76 

15 

Ulmi.polleni tes  tricostatus  (Anderson)  ;.  distal 
view . 

.103 
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16 

UlmipollenitGS  s 
Anderson;  distal 

p.  cf.  Ulmoidcipites  krernpi 
view. 

103 

17 

Momipites  cf.  M. 
polar  view. 

inaequalis  Anderson; 

100 

18 

Momipites  cf.  M. 
polar  view 

tenuipolus  Anderson; 

101 

PLATE  III 
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PLATE  IV 

(All  figures  magnified  x  1000  unless  otherwise  noted) 

1  Aquilapol lenites  reductus  Norton;  107 

equatorial  view. 

2  Aquilapol lenites  arnplus  Stanley; 
equatorial  view. 

3  Aquilapol lenites  sp.  A;  equatorial  view.  log 

4  Aquilapol lenites  sp.  B;  equatorial  view.  109 

5  Mancicorpus  senonicus  Mtchedlishvili;  HO 

equatorial  view. 

6  Mancicorpus  cf.  M.  rostratus  Srivastava;  H2 

equatorial  view. 

7  Mtchedlishvilia  canadiana  Srivastava;  polar  view.  113 

8  Wodehousea  spinata  Stanley;  dorso-v.entral  view.  119 

9  Tricolpites  cf.  T.  vulgaris  (Pierce)  Srivastava;  ng 

polar  view. 

10  Tricolpites  hians  Stanley;  polar  view.  117 

11  Pseudo tricolpites  cf .  P.  reticulatus  Stanley;  ij.5 

proximal  view. 

12  Tetracolpites  cf .  T.  reticulatus  Srivastava;  XI 6 

polar  view. 
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